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UiTRODUC'::'ION

I became interested in tetanus last summer, seeing
a case with acute systemic

con~ulsions

tion period of less than five days.

and an incuba-

The great simil-

arity of these convulsions to those produced by intravenous metrazol prompted me to consider the use of
curare in an attempt to control the convulsions.

A

report of the case is given at the end of this
paper.

Curare was administered, and although the

patient died, the case stimulated in me a curiosity
to learn more about the disease.
A review of the literature reveals waves of

articles appearing simultaneously with the current
outbursts of national belligerence.

Tiith each

new discovery in the etiology of tetanus, new trends
in prophylaxis and therapy have appeared.

Involved

as we are at present, in an international crisisi
tetanus again comes to the foreground as an important
feature in military medicine, above the consideration
it is given in times of pence.

Mass militarism and

the dictatorial powers in Europe have made it possible
for us to observe in bas relief the effect of the
knowledge of tetanus that has accmnulated throughout
the ages.

HISTORICAL REVIEW

Compared with the major plagues of man, lockjaw
has always been a rare disease.

It is on account of

the peculiar and characteristic spasms that it early
attracted attention.

In the writings of Hippocrates,

cases of tetanus are described, diagnosed, and prognosis
given.

From the learned Aretaeus of Kappadoza we have

a description of tetanus that holds until modern times.
Aretaeus described an opisthotonos, an empr'thotonos,
and a tetanus, depending upon whether the muscles of
the back, the abdomen or the general muscular system
were affected.

To this classification pleurothotonos

was later added when the muscles of one side were
especially affected.
Throughout the Middle Ages our knowledge of
tetanus remained at a standstill.

The symptoms of

the disease so plainly indicated that the lesions are
localized in the nervous system that, with the introduction of studies in pathologic anatomy, the brain,
spinal cord, and nerves were studied to determine the
seat and nature of the illness.

It was not, however,

until about the end of "the sixties" in the last century that experimental studies in wound infections
began to throw light upon the chaos of theories.

A
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review or the historical development of these theories
i

is exceedingly interesting], for they mirror the prevailing thought upon the nature of disease, as it
developed from that of evil spirits, through the
"humeral" theory, the realm of miasm and noxious
effluvia, to the germ theory.
It was long known that tetanus was a complication
of wounds.

Micheles, 1797, thought it was due to

irritation of the peripheral nerves from foul secretions in certain wounds ("wound insults .. ).

Tetanus

could not escape the rheumatism theory, which bas been·
such an alluring catch-all for symptoms and diseases
difficult of explanation.

In cases of wound tetanus

in which no plausible explanation seemed possible it
was called rheumatic wound tetanus.

"Taking cold"

was assigned its usual role here as elsewhere.

When

no assignable cause seemed at hand, the disease was
given the learned title "idiopathic tetanus." (106)
About 1860 Heiberg and Rose, and Billroth and
Spencer Wells attached tetanus to the list of
zymotic diseases and believed it due to a miasm, the
spasms being caused by a poison in tne blood similar to
strychinine. (20)
E. Rose, 1870, (105), described a particular
form of tetanus following wounds in the area of the
''--·
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twelfth cerebral nerve which he called "head tetanus"
or tttetanus hydrophobicus."
An important milestone in the history of tetanus
was passed when Strumpell, 1876, (105), declared tetanus
to be an infection.

The first experiments to prove

this view failed.
Arloing and Tripier (9) did not succeed in
transferring the disease to dogs and rabbits by
carrying over the blood and the pus from tetanus
wounds.
Billroth (19) and Schultz (111) also obtained
negative results with dogs.
Carle and Rattone, 1884, (35) were the first
to obtain positive results in demonstrating the
transmissibility of the disease.

They injected a

number of rabbits with the washings from the neighborhood of an acne pustule from which the tetanus originated.
The rabbits were injected either into the sciatic
nerve or into the muscles of the back.

After an

incubation period of two to three days, eleven of the
twelve rabbits showed typical tetanic spasms.

They

also succeeded in carrying the infection from
animal to animal.
By injecting earth taken from different places
into 140 mice, rabbits, gUinea pigs, etc., in studying
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the microorganisms of soil, (ground tetanus), Nicolaier,

1884, (93) produced symptoms of tetanus in 69 of them
and always found a slender rod in the pus.

Therefore

he concluded that there exists a bacillus that causes
tetanus in deep wounds of mice, rabbits, and guinea
pigs.

In cultures Nicolaier was unable to separate

this bacillus from the other microorganisms with which
it was associated, but inoculation experiments with
mixed cultures produced tetanus.
The next year (1885) Nicolaier (94), working
under Flugge in the Gottingen Hygienic Institute,
made noteworthy advances upon the subject.

He showed

that each injection into mice, guinea pigs, and rabbits
caused a disease with tetanic spasms, while dogs were
refractory.

Nicolaier saw in the pus of the wounds

this slender bacillus, which he considered the cause
or the infection, but again was unable to obtain it in
pure culture, although he carried on a mixed culture upon
coagulated calf's blood serum.
Soon afterwards Rosenbach, (107), 1886, found a
similar bacillus with a round terminal spore in a
case complicating frost gangrene in man and transferred
the infection to animals in the pus.
In 1889 with the aid of anaerobic technic,
Kitasato (93) for the

fi~st

time grew the bacillus in

pure culture and by-successful inoculation experiments
finally proved that this bacillus was the real cause of
tetanus.

Kitasato succeeded in isolating the tetanus

bacillus, first described by Nicolaier and later by
Rosenbach, not alone by understanding anaerobic methods
but by taking advantage

or

its resisting spore.

This

bacillus appears in the pus of wounds of man and animals
having tetanus.

It often forms spores in the pus, but

if the pus is examined early it may contain spore-free
rods.

He planted the material containing the bacillus

upon agar slants which were incubated one to two days.
The mixed cultures so obtained were heated one hour at
80

c.

and then transplanted to agar plates.

Kitasato

designed for this purpose a special shaped apparatus
in which hydrogen was used to replace the air.
Kitasato (71) further showed that the tetanus
bacillus is not found in the heart's blood of mice
dead of tetanus and therefore concluded that we are
dealing with an intoxication and not with an infection.
It was in the following year, 1890, that Behring
and K1tasato (16) published their epoch-making work
upon the tetanus toxin and tetanus antitoxin, laying the
foundation of serum therapy.

On account of the great

historical and practical importance of this document a
transcription of its principal features is givens
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The immunity of rabbits and mice which have been
immunized against tetanus depends upon the power of the
cell-free serum to render the toxic substances which
are produced by the tetanus bacillus harmless.
Experiments show:
1. The blood of tetanus-immune rabbits possesses the
property of destroying the tetanus poison.
2. This property is destroyed by the extravascular
blood and the cell-free serum obtained from it.

3. This property is of such a stable nature that
it is also effective in the bodies of other animals,
so that we are in a position, by means of the transfer
of blood serum, to accomplish noteworthy therapeutic
results.
4. The property of destroying the tetanus poison
is absent in the blood of"' animals which have not been
immunized against tetanus.

If the tetanus poison be

given to susceptible animals it may be demonstrated
in the blood and other body fluids after the death of
the animal.
For instance: A rabbit was immunized against
tetanus to such a high degree of immunity that it was
able to withstand 10 c.c. of a virulent culture
containing the tetanus organism,

0.5

c.c. of which

was sufficient to kill a normal rabbit.

This rabbit
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was bled from the carotid, and -before the blood
clotted 0.2. c.c. was given to a mouse and 0.5. c.c.
to another.

After twenty-four hours both of these

treated mice and two control mice were inoculated
with a virulent tetanus bacillus.

The amount injected

was so great that the control animals showed tetanus
in twenty hours and were dead in thirty-six hours.
Both treated mice, on the other hand, remained well.
The larger quantity of blood was allowed to stand
until the serum separated.

Of this serum six mice were

injected with 0.2. c.c. each into the pertoneal cavity.
Twenty-four hours later they were infected and remained
well, while the control mice died in less than fortyeight hours.
It was further found that the serum had a therapeutic
value in that the mice were first infected and afterwards protected by injecting the serum into the peritoneal cavity.
They further made experiments to demonstrate that
the serum had an enormous power of destroying the
poison.
Of a tetanus culture ten days old which was
freed from bacilli by filtration, 0.0005 c.c was
sufficient to kill a mouse in four to six days and
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0.0001 c.c. was sufficient to kill a mouse with certainty
in two days.

However, 5 c.c. of the serum from the

tetanus immune rabbit was mixed with 1 c.c. of this
culture, and the serum was allowed to act twenty-four
hours upon the culture containing the tetanus poison.
Of this mixture, four mice were given each 0.2 c.c.,
containing 0.0033 c.c. of the culture, or more than
300 times the dose otherwise fatal for mice.
of the mice remained well.

All four

The control mice, on the

other hand, died in thirty-six hours with 0.0001 c.c.
of the fluid.

The mice which were treated as above

described, as well as those which had received the
mixture of tetanus poison with serum, so far as can
be told, remained well.

Later they were injected

repeatedly with virulent tetanus bacilli, which they
withstood without a trace of symptoms.
This fact is of very particular note, because in
the innumerable experiments no mouse, no rabbit, in
fact, no animal so far tested has shown a natural
immunity against tetanus.

We therefore may draw the

conclusion that the above-mentioned explanation of
the conditions of immunity which may be obtained
promptly and without difficulty, and which may be
accomplished without harm to the animals in the process
of immunization; will prove of far-reaching value.

It
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is to be understood that eontrol animals were tested
with the blood and serum of nonimmune rabbits.

The

same may be said to be true of cattle and sheep.
We permit ourselves from our results to venture
the conclusion that, after finding a therapeutically
potent substance useful for animals, it will also be
useful in the treatment of diphtheria and
man.

te~anus

in

We only desire to call attention to one thing

inconclusion: In former times the transfusion of
blood was considered to be a heroic, but in cases
a very powerful, curative agent.

In later times it

was thought that physiological salt solution was able
to accomplish the same result.

On the other hand, our

experience makes memorial the phrase "Blut 1st ein
ganz besonderer saft." (16)

DEFINITION

Tetanus is a disease caused by an infection
with the bacillus tetani, and characterized clinically
by a toxemia in which the central nervous system is
attacked, producing tonic spasms of the muscles.
The infection has long been known as one of the
most dreaded of diseases.

The mental angaish and physical

suffering are probably greater than any other known
disease, except possibly in hydrophobia.

ETIOLOGY
PREDISPOSING CAUSES--The most important predisposing
cause of tetanus is the wound.

This is generally

traumatic, but may be of any type, from the large
~ound

of a shell fragment, to the minute wound of the

hypodermic needle.
The Bacillus tetanus is undoubtedly or telluric
origin.

The spores are frequently found in the manure

of the horse and are present in the intestinal tracts
of a large percentage of the herbivora.
The bacillus occurs most frequently on the
surface of the soil, but it is also present to a large
degree in dunghills, manure pits, etc.

The infection is

contracted through a wound which has been contaminated
by dust particles of earth, clothing, etc., due to
improper protection or to special circumstances (as
during the Great War, when the wounded were lying out
on the ground or had to crawl over infected soil.)
These circumstances and the soil contamination of
certain areas in France and Belgium account for the
incidence of tetanus during the war.

The disease was
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less frequent after the battles around Ypres, than in
the valley of the Aisne, as reported by Bowby. (ll)
The rich clay of Flanders is auite different from the
dusty, calcareous soil of Champagne.

That certain

soils are rich or poor in tetanus spores has been established by scientific investigation.

Veterinary

surgeons have long testified to this fact, and investigators during the war have proven it to be true.
The presence of other microorganisms favors the
growth of tetanus spores, as the phagocytes are drawn
to the other bacteria which are present, and thus allow
the spores of tetanus to develop.
Severe heat or cold are factors favoring the
development of tetanus.

Humidity probably has no

effect, as the spores in dust produce the infection,
when they incubate in the wound moisture.
Secondary infection or mixed infection seem to
play an important role in the development of tetanus.
The resistance of the patient is low, especially if the
wounds are multiple or if wound-sepsis is present.

Villard

and Vincent (123) have shown that the injection of
spores free from toxin, plus cultures of Bacillus
prodigiosus, cause a very virulent and mortal tetanus.
Using a staphylococcus or streptococcus as an associated
organism these experimenters were unable to produce
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tetanus.
Extensive wounds of the soft parts where there is
great destruction of muscle and open articulations with
supporation, predispose to tetanus.

Especially wounds

of the extremities or of the head, containing dirt,
clothing and foreign bodies, should be regarded as highly suspicious.

That tetanus can be transmitted from

one person to another is more than an hypothesis.
Tetanus cases should be isolated.

In support of this

fact, Duteire (114) reported the history of three men
placed in adjacent beds who developed tetanus.

Of

five patients who were placed in the same room, three
were infected, and transmitted tetanus to the other
two by touching their dressings with their hands.
Nurses and surgeons should use due precautions in
handling the dressings and wounds of tetanus cases, and
should manage them as they do any other infectious disease.

The male seems to be more often infected than

the female, due to greater degree of exposure to
infections through war wounds or to the trauma incident
to civil life.

-

Young adults and children also show

a higher percentage of infection.

In over 50 percent

of the cases presented by Dietrich (47), the tetanus
occurred between the ages of 3 and 8 years.

It is

during these years that children are likely to run
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around barefooted and are most devoid of discretion
during play.
EXCITING CAUSES--The direct cause of tetanus is the
inoculation of the human organism with the Bacillus tetanus,
generally as a wound infection.
many.

The modes of entry are

Tetanus is liable to occur in any wound wllich

has been contaminated with manure, garden soil or,
in the cities, with street dirt.

Gunshot wounds,

especially those produced by blank cartridges, should
be considered as potentially infected with tetanus, for,
in the United States, many fatal cases of tetanus
have followed Fourth of July wounds.

Mcintosh (8)

reported a case caused by the explosion of toy-pistol
ammunition.

A similar case was reported by Brown. (28)

Antitoxin, virus, and vaccines have been contaminated
by tetanus spores and have causes tetanus when injected.
This accident is now controlled by law, which was established following an unfortunate experience

in St. Louis

in 1901. (106)
Armstrong (10) reports several cases of tetanus
following vaccination against small-pox and discusses
the use of dressings and vaccination shields against
contamination.

Solutions of gelatine have been known

to be contal'inated with tetanus spores, and they should
be thoroughly stetilized before injections.

Cat gut
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has also been known to be contaminated and has given
rise to post-operative tetanus infections.

Tetanus may

follow cord infections in the new-born or may occur in
the mother following accouchement.

Several interesting

cases of tetanus in new-born from cord infections, and
in the mother, following delivery are reported by
Knight, (75) who tells of midwifery customs in India.
Sicard (114) reports two cases of women who were
admitted to his clinic after criminal abortion and
developed tetanus 24 and 48 hours respectively after
admission.

Differential diagnosis of tetanus after

abortion includes tetany of pregnancy, strychnine
poisoning, nervous excitatory conditions with spasms
and trismus in the dentition of the wisdom tooth.

A

case following induced abortion, with recovery is reported by Mattson and Starkey. (84)

A similar case is

reported by Komaromy. (77)
Postoperative tetanus has occurred where ihe
portal of entry was the operative wound. · The highest
percentage of infection has followed operations on
the intestinal canal, such as the closure of a fecal
fistula.

In these instances, the infection was thought

to be due to the presence of the Bacillus tetani in
the contents of the intestinal canal.

Booth (23)

reports a case of tetanus of intestinal origin in
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which the presence of the organism was explained by
the fact that the patient had been eating dirt.
Compound fractures are often responsible for the
appearance of delayed tetanus.

Cases are reported by

Snow (117) and Speed. (118)
Tetanus has been often reported in the field of
otorhinolaryngology.

Vener and ~ower (124) report

several cases of otogenic origin, some of trauma
to the ear, and one associated with an acute otitis
media and mastoiditis.
of tetanus.

Bozzi (25) reports twelve cases

Five cases were the result of injuries to

the nose, one followed a tongue injury, one followed
a tooth extraction, and five cases were of otogenic
origin.

Cogan (38) reports several cases of tetanus

following injuries of the eye.
An unusual channel of infection, a varicose ulcer
which became contaminEited, is reported by Brindle. (27)
However, the most common mode of infection is the
traumatic wound, especially when containing foreign
bodies.
BACT~RIOLOGY--The

bacillus of tetanus was discovered by

Nicolaier in 1883. (93)

He demonstrated the bacillus

in the pus from animals which had developed clinical
tetanus after the injection of small quantities of
earth.

The specific character of the bacillus was
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proven by Kitasato, (71) who isolated and cultivated
it.

He then produced clinical tetanus by inoculation

with cultures. (73)

Villard, Vincent, and Rouget are

credited with working out the condition under which
tetanus developed.

The studies of tetanic toxin

by Villard and Roux gave us antitetanic serum, one
of the specific sera of medicine. (108)
The Bacillus tetani may be found in the pus ot
tetanic wounds.
are not round.

It is rod-shaped; the ends, however,
The general measurements are 4 to 5

microns in length by 0.3 micron to 0.4 micron in
breadth.

The spores are generally absent.

The

characteristics of the organism vary with the age of
the culture.

Early cultures (from three to four hours)

in bouillon give the same characteristic organism
which we find in wound pus.

The bacillus sporulates

after from eight to ten hours' cultivation.

It then

appears as a slender rod with a round refractive spore
at either extremity, giving the bacillus the
appearance of a club.

As the bacillus grows the rod

disappears,· leaving only the spore.
only after about the tenth day.

This process begins

In the absence of

oxygen, mobility may be demonstrated in fresh material.
This mobility is very slight and disappears with the formation of the spores.

The Bacillus tetani is Gram-
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positive and will take the bas:i.c aniline dyes.

Those

with spores take the stains only in the rod or
bacillary part and around the rim of the spore, the
center remaining refractive and without stain.
Vibratory cilia may be present before the spore is
found.
For culture of the organism, the usual media are
satisfactory, provided they are anaerobic and prepared
with fresh bouillon.
good cultures.

Albuminous media do not grow

The colonies on gelatin make their

appearance on the fifth day.

They are small, round,

and cloudy, with needle-like filaments growing from
their periphery, and are surrounded by small gasbubbles.
In bouillon cultures, after fifteen days, the
bacili sink to the bottom of the tube.

When the

cultures are opened they give off an odor or burnt
horn.

Potatoes are poor media.

Milk grows the bacillus

well, without coagulation, if protected from light
and air.
The vitality of the spore lasts for several years.
The spores will resist boiling for four or five
minutes and withstand a temperature of 80
for from five to six hours.

c.

(176 F.)

Nocarde round organisms,

taken from colts dying from tetanus, alive after lS
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months.

A splinter taken from the hand of a patient

and kept for two and one half years in a closet
caused tetanus when inoculated into an animal
(Eiselberg). (11)
Agglutination will occur with the serum of a
horse vaccinated against tetanus at 1-2000 dilution,
but not with hnman or other animal antitetanic serum.
Most animals are ee.sil:' infected with tetanus.

The

guniea-pig, mouse, and rat are best for inoculations.
The pig has a very high resistance, while pigeons and
domestic fowls show an almost complete resistance.
Tetanic pus or laboratory cultures, when
inoculated into these animals, will cause tetanus.

At

the point of inoculation a tumor appears, varying in
size.

After an incubation period of three or four

days the animal shows tonic contractures in the
region of the inoculation, which later becomes generalized, accompanied by convulsive seizures, and the
animal dies within 36 to 48 hours.

Necropsy of these

animals shows an abscess at the point of inoculation
which may yield the Bacillus teta.ni in the pus.
other organs show no changes.

The

The blood is always

sterile to culture.
The existence of tetanotoxin was established by
Faber in 1890. (5r)

It may be prepared by the inoculation

-

"'
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of fresh, peptonized bouillon.

37

c.

for from 18 to 20 days, then filtered through

a Chamberland filter.

The lethal dose of the filtrate

for a mouse is 0.001 c.c.
toxin is not known.
the diastases.
ature of 65
at 80

This is incubated at

c.

c.

The exact nature of the

In some characteristics it resembles

Exposure for one half hour to a tempermodifies it, and exposure for three hours

renders it harmless and non-toxic.

Protected

from light and air, in a closed container, it may
retain its toxicity for months.

Like the diastases,

on the addition of calcium chlorid, the precipitates
of phosphate of calcium and aluminum are thrown down.

These, when washed in sterile water and injected under
the skin of the guinea pig, will cause tetanus.

SYMPTOMATOLOGY

CLINICAL

HISTORY~-PERIOD

OF

INCUBATION~-The

period of

incubation in tetanus is generally from four to ten
days, but it may vary from two days to seventy or more.
Patients who have received prophylactic injections
show a longer incubation period, as do also the atypical
forms of tetanus, especially local tetanus.

The

symptoms of the incubation period, or the prodromal
symptoms, are of the utmsst importance in early diagnosis
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and in the determination of treatment.

The cure of

acute tetanus can only be hoped for by early treatment.
~

OF ONSET--The onset of tetanus is often insidious

and early symptoms are easily overlooked.
The patient may not complain of subjective manifestations, but by observation or questioning the
following symptoms may be discovereda
(1) A slight feeling of tension or contraction,
especially in the region of the wound.
(2) Insignificant pain in the facial muscles.

(3) Pain in the back without apparent cause.
(4) Slight difficulty or pain or swallowing with
negative throat inspection.

(5) Frequent urination with pain.
(6) Constipation
(7) Cramp-like pains in the muscles, especially
near the wound,

Cramps arising when the patient is

startled by a noise.

(8) Headaches.
(9) Restlessness, especially at night.
The early objective symptoms ares
(1) A tendency toward sweating.
(2) A slight increase in pulse-rate.
(3) Restlessnes~, especially during sleep.

(4) Retention of· urine.
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(5) Twitching of the muscles in the region of the
wound, which may show irregular clonic contractions.

A

slight tap with the finger or an instrument may cause
clonic contractions, spreading to other muscles.

(6) A tonic spasm of the muscles, especially the
flexors, in wound regions.

(7) An increase of reflexes; those in the wounded
limb often show udouble jerk," throwing the muscles of
the limb into tonic spasm.

(8) Anxious expression of the face.
These prodromal, classical symptoms of tetanus,
although trivial, may last for days before the acute
symptoms occur; generally they increase in severity in
proportion to the toxemia.

At times the localized

muscle symptoms exist for weeks before becoming
generalized, especially in cases which have had
prophylactic treatment.

In other cases, with short

incubation periods, the onset may be rapid and severe,
with early trismus and general symptoms which become
rapidly more severe.

Sooner or later, as the disease

progresses, the signs become generalized and acute
tetanus develops.
OBJECTIVE SYMPTOMS .QE ACUTE TETANUS--(1) Tonic muscle
groups far from the site of the wound become involved;
at first, there

ar~

spasms, generally of the masseters,
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posterior cervical, abdominal wall, spinal muscles,
and of the flexors of the extremities.

These tonic

contractures are acutely painful and occur spontaneously or following sensory stimuli, either optic, acoustic
or tactile.

These contractures may produce the classical

opisthotonos of tetanus.

The muscles of the face may

contract, the forehead becomes wrinkled, the lips drawn
back, the teeth bared, giving the classical facies risus
sardonicus.
(2) These symptoms are accompanied by a rise in temperature, generally slight.

The pulse becomes rapid and

poor in tension and volume.

It is 100-130 in most cases

with low temperature.

Rare cases show hyperpyrexia.

(3) Sweating is profuse and the patient shows
varying amounts of cyanosis.
(4) Trismus (lock-jaw) may occur early or late in
the disease.

The jaw becomes firmly set and the

patient cannot open his mouth.

Trismus is not always

complete; it may be possible to open the mouth half an
inch.

When trismus develops, the mµscles of the neck

stand out like whipcords and are rope-like to palpation.

(5) As the disease progresses in severity, involvement of the diaphragm and laryngeal muscles may occur.
The diaphragm becomes fixed in inspiration, occurring
with the general convulsions.

The larynx contracts,
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the patient becomes very cyanotic, and asphyxiation may
occur.

These respiratory symptoms are very severe and

give an unfavorable prognosis.

Their onset is usually

forewarned by epigastric pain, which may occur days in
advance, and is a valuable prognostic sign.

(6) Hydrophobic symptoms occur in severe cases and
these also give an unfavorable prognosis.

(7) Laryngeal stenosis may occur from contractures
of the larynx and may, if continuous, demand tracheotomy.
SUBJECTIVE_SYMPTOMS--Subjectively the tetanus patient
complains of severe thirst and exhaustion.

Pain is

felt with each spasm and the patient states that he feels
"as if held in a vice."

All external stimuli cause

convulsions, pain and discomfort.

The mentality is not

altered, and the patient is very anxious about his
condition.

He suffers horrible mental and physical

anguish.
PHYSICAL FINDINGS--The physical findings are mostly
those obtained by observation of the above symptoms.
Palpation of the groups of muscles involved reveals
a board-like rigidity which is increased by percussion.
Any examination of the patient causes a spasm of the
muscles involved.

Of the special tests the reflexes

are of interest, as they are almost always exaggerated.
The knee-jerk is generally violent and is followed by
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tremors of the thigh muscles.

In.other cases, a violent

spasm of the hamstring group may occur, giving a
naouble jerk11 •

Exaggerated plantar stimulation and

ankle clonus may be obtained, the spasm extending as
far up as the thigh.

The reflexes of the arms are not

commonly increases.

Occasionally patients show crossed

reflex in the lower limbs.

Any group of muscles

involved shows a marked hypertonicity to mechanical
stimulation.
Examination of the wound at this time shows nothing
typical of tetanus.

The situation of the wound may be

of value, as wounds of the extremities and head are
more liable to tetanic infection.
always suspicious.

Puncture wounds are

The degree of suppuration and

surrounding inflammation of the tissues is not in any
way characteristic.

The cases with a prolonged incuba-

tion period may, upon examination, show the wound to be
completely healed.
Wounds of a trivial and superficial nature are
as common as more severe ones.

All wounds should be

carefully examined for the presence of foreign bodies
such as dirt, clothing, fragments of metal (projectiles),
splinters, etc., as these are very often the cause of
tetanic infection.
LABORATORY FINDINGS--The laboratory findings are very

meagre in tetanus.
The urine is generally diminished in amount, is of
high specific gravity, and may contain albumin and
hyaline casts, if the kidney has been damaged by the
elimination of the toxins.
In "serum sickness", the albumin content may be
high, but this is only temporary.
Cultures of the wound should be made in all cases
of suspected tetanus.

The Bacillus tetani cannot

always be demonstrated, and a negative culture does not
rule out tetanic infection.
The presence of other organisms in wound cultures
is important data, as certain bacteria inhibit and others
help the growth of tetanus spores.

Blood cultures are

negative, as tetanotoxin has a special affinity for
the central nervous system.
SPECIAL EXAMINATIONS--The wounds of suspected tetanic
patients should always be examined by x-ray for the
presence of possible foreign bodies of metallic origin.
This should be a routine procedure, especially in
gun-shot wounds of any type.

In this routine procedure

small pieces of bullet casings, fragments of bullets,
etc., are commonly found, although the main projectile
may have been removed.
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DIAGNOSIS
The diagnosis of tetanus in the early stages is
not always easy.

To save the life of the patient

early diagnosis is essential, for treatment with serum
must be established, before too much tetanotoxin has
combined with the nerve-cells, and in order to prevent
the fixation of subsequent toxins.

When the toxin has

entered the nerve-cells, the value of antitetanic serum
is questionable; hence, the importance of early diagnosis.
The diagnosis is made on the basis of the clinical
history, a wound, especially of the extremities, and
operative wound, or in rare cases even on the basis of
a needle puncture followed by an incubation period of
from two to twenty-one days or more.

After this the

development of the prodromal symptoms takes place
as described above, followed by tonic or clonic spasms,
trismus and the classical symptoms.

Cultures from the

wounds showing the presence of Bacillus tetani or of
spores confirm the diagnosis.
Well-marked cases following a wound cannot be
mistaked for any other disease.

However, the diagnosis

should be made before the so-called classical symptoms
develop.
In this early period the symptoms may be confused
with strychin poisoning or tetany.

In strychnin-poisoning a history of the use of
the drug, if obtainable, is important.

The contractures

of strychnin intoxication begin with clonic spasms,
which quickly become tonic.

The muscles of the jaw

are never involved early, if at all.

Between single

paroxysms there is complete relaxation of the muscles,
instead of a diminution in the degree of contraction as
in tetanus.
Tetany may cause more confusion in the diagnosis.
The spasms of tetany are bilateral and asymmetrical.
They are chiefly confined to the muscles of the distal
portions of the extremities.

There is a peculiar invol-

vement of the hands, which are conical in shape, the
fingers extended as far as the interphalangeal joint
flexes at the ends.

The thumb is flexed and tucked

inside the fingers.

The feet are semi-flexed at the

ankle and the toes strongly flexed.

b~t

Tetany occurs most

generally in childern, and is a symptom-complex manifested
in constitutional toxemia more frequently than in
metabolic pathology.

If a wound is present with symptoms

of tetany, cultures should always be made.

2.8
COMPLICATIONS

Lobar pneumonia is the chief complication of
tetanus.

It occurs frequently than is usually supposed.

It occurs especially in cases with diaphragmatic and
laryngeal spasm and in cases showing suffocation
symptoms.

It is usually fatal.

Cardiac dilatation occurs in some cases and is
generally a terminal manifestation.
Classical tetanus is not associated with any other
disease, except that it may be superimposed in sepsis
from wounds.

CLINICAL VARIETIES
In addition to the classical form of tetanus

we.

have a few atypical forms in which the diagnosis may
be difficult.

These types have all been studied, a

few of them reclassified during the period of the
Great War.

Many of the so-called atypical forms described

in the past are now considered to varieties of classical
disease.

For instance, the superacute forms are estab-

lished and dependent upon the gravity of the symptoms
immediately after their appearance.

Splanchnic tetanus

cannot be classified as atypical, for if the trismus
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does not become generalized ii. is only because death
occurs with from twenty-four to forty-eight hours.

SIMPLE CEPHALIC TETANUS--This is a rare form of tetanus
following a wound of the head.

The symptoms generally

appear two to twenty-two days and are very insidious in
their onset.

The wound at this period (if incubation is

prolonged) may be entirely healed.

Trismus and contrac-

tion are established unilaterally or bilaterally, and
localized in the muscles of the face and in some cases
in the cervical region also.

Dysphagic or hydrophobic

or paralytic symptoms never occur in simple tetanus.
CEPHALIC TETANUS, ACCOMPANIED

.fil: DYSPHAGIC .QB HYDROPHOBIC:

SYMPTOMS-In this type of the disease, trismus occurs
unilaterally on the same side as the head wound.

The

patient complains of pain and contracture in the jaw of
the side affected.

The temperature rarely exceeds 100

or 100.5 F. the pulse is rapid, in ratio to the temperature, running between 100 to 120.

The trismus remains

unilateral for four to six days and is generally continuous.
Pharyngeal spasms are established, giving rise to the
dysphagic symptoms, which may increase until hydrophobic
symptoms appear.

Contractions of the muscles of the

neck may be present, giving a cervical opisthotonos.
Severe dysphea may occur VTith the pharyngeal spasms and
is a bad prognostic sign.

If hydrophobic symptoms occur,
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generalization of the tetanus. is frequent, and is almost
invariably fatal.

CEPHALIC TETANUS WITH_ FACIAL DIPLEGIA OR HEMIPLEGIA--This
is a most frequent form of cephalic tetanus.
first discovered by Rose (105) in 1872.

It was

It occurs

following a wound of the face in a region close to the
facial nerve.

Paralysis occurs on the side upon which

the wound is located, if the wound is centrally located,
it may occur bilaterally, this being considered a
pathognomonic phenomenon in this type of tetanus.

The

wound is often situated at the root of the nose, at the
upper or lower border of the orbit, along the malar region,
or in fact along the branches of the facial nerve, especially the superior division.
The period of incubation varies in duration from
two to twenty-two days, during which time the patient
is free from all symptoms.
be very sudden.

The onset of the disease may

The patient may complain of pain when

he attempts to open his mouth, or upon pressure over
the masseters.

This is generally bilateral.

first on the side corresponding to the wound.

It appears
Contrac-

tures of the muscles of the neck appear shortly after
the trismus.

They appear first upon the side correspond-

ing to the wound, or bilaterally if the wound is
centrally located.

The contractures are tonic in

character but may become spasmodic on exc:ltation.

These

)1

These contractures

exte~

with the progress of the

disease to the muscles of the back, abdomen and limbs.
If the pharynx, esophagus and diaphragm are involved,
the prognosis is bad.
FACIAL PARALYSIS--In classical tetanus facial paralysis
is extremely rare: but in this form of the disease it is
always present.

It usually appears about the eighth

day of the disease.

Its character is that of a

peripheral paralysis, except that the

phenom~na

of

contracture and paralysis occur in the same muscle.

This

is a typical sign in the facial paralysis of tetanus.
This type of paralysis is toxic and may be
post-diphtheritic paralysis.

~ompared

to

It generally remains

localized and disappears with the disease.

If the

paralysis is the first symptom of the disease, and occurs
without contractures or trismus, it must be differentiated
froma (a) severance of the facial nerve, (b) central
paralysis or possibly Bell's palsy.

The accompanying

fever is in no way diagnostic, but the pulse shows a
rapidity out of all proportion to the amount of temperature.

The diaenosis of this type of tetanus then rests

on: (1) the face wound, (2) the incubation period, from
two to twenty-two days, (3) trismus on the wound side of
the malar region, increased by motion or pressure, .(4)
paralysis and contracture in the muscles of the face,
unilateral or bilateral.
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l.he prognosis must always lie determ:ned LJ' the
prot;ress of the disease and its early tre& tm.,_,nt.
be

fat~l

in three or four days.

The more

fav~rable

extend over two or three weeks v.ri th recovery.
tality is not over

50 percent.

It may
cases

'l'he mor-

1be treatment is the

same as for other forms of the disease.

The localization

of the infection should encourage, in addition the
injection of antitetanic serum about the v:ound and perhaps dressings of serum for the wow1d itself.
CEPHALIC

TE~'ANUS

WITH OPHTHALMOPLEGIA--This particular

type has the same etiology as other forms, the factor
of most importance being the location of the wound, which
is generally situated in the orbitosuperciliary region.
This region is very commonly the seat of wounds because
of its exposed location.

The eyelids and eyeballs may

also be sites of the infection, as reported in several
well-defined cases.

The symptoms of cephalic tetanus

with ophthalmoplegia may be bilateral or unilateral.
In general they are unilateral, the eye on the side
corresponding to the wotmd being first affected.
paresis is generally incomplete.

The

The patient desires

to see, he rolls his head back and wrinkles his forehead
in an attempt to open the affected eye.
Physical findings--Upon examination of the movements of
the eye or eyes affected, it is found that they are fixed
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in one position.
present.

1~

Only a slight movement, if any,

Pupillary symptoms are generally established

simultaneously with the paresis and consist in a
pin-point contraction of the pupil with loss of light
reaction.

Examination of the fundus, in the majority

of the cases, shows simple hyperemia without other
changes.

A few cases show a normal fundus.

In the

diagnosis of this type of tetanus one must eliminate
several diseases:

(1) False ophthalmoplegia due to muscle-spasm
must be considered.
while paralysis is

In this spasms are inconsistent,
fix~d.

The field of fixation is normal

in spastic strabismus, but limited in paralysis.

This

may be easily determined by mobilizing the head, placing
the eye on the center of the field of vision and making
the try to follow an object from the center to the
periphery.

The sound eye should be open.

(2) If no wound can be demonstrated, meningitis
(cerebrospinal or tuberculous), with ocular palsy, must
be ruled out.

The prodromal symptoms--chills, headache,

and mental disturbances--do not mark the onset of tetanus.
Kernig's sign, high temperature and slow pulse are not
present in tetanus.

Lumbar puncture with chemical,

bacteriological, and cytological examination should remove any doubt.as to diagnosis.
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(3) Vfounds of the orbital region, with fractures

of the orbit, may cause symptoms similar to those of
paralysis.

These symptoms are generally caused by

hemorrhage back of the orbit, with sufficient pressure
to fix the eye.
Prognosis--The period of incubation is an important
prognostic factor in this, as in all forms of tetanus.
Ophthalmoplegia, apart from other tetanic symptoms,
gives a good prognosis, for its duration is short, and
it disappears with the onset of trismus and facial
paralysis.

Chronocity also gives a favorable prognosis.

The treatment is the same as in all forms of tetanus.
LOCAL TETANUS .QE 1:1ili. LIMBS--The forms of tetanus which
are localized in a wounded part of the body and which at
a later date show classical tetanus must not be confused
with local tetanus, for this latter type is local during
its entire course.

There are two recognized forms of

local tetanus, the early and the late forms.

In the

first-named variety, the incubation period is from five
to ten days.

In the second or late variety the period

of incubation varies.

It generally exceeds twenty days.

Cases have : een reported in which it lasted as long as
seven months (Huntington).

Late or tardy surgical

operations may explain the long period of incubation in
some cases.

The spores may be nonvirulent and encapsulated

35
by fibrous tissues.

Re-operation such as reamputation,

plastic bone operations, etc., may liberate these
encapsula+ed spores.

Since the resistsnce of the patient

is lowered by the trauma of operation, local or general
tetanus may develop.
Period of incubation--The early or prodromal symptoms
of this type are most important.

The patient usually

complains of pain in or about the wound.

These pains

are shooting in character and may be described by the
patient as rheumatic.

The pains are accompanied by

twitchings and muscular paralysis.

They are most

common in the limbs containing the wound.

Therefore,

pain in the wound, localized in a limb, without
apparent cause, should arouse suspicion of tetanus.
These prodomal symptoms increase as the disease
progresses and spasm of the entire limb or groups of
muscles makes its appearance.

At first the spasm is

clonic in character, but later it becomes permanent.
The limb is usually fixed in extension or in acute
flexion, the muscles become board-like in their
rigidity and it is not possible to move the limb.
Course of the Disease--The face of the patient becomes
anxious, especially during the period of the development
of the disease.

It is not the risus sardonicus of

classical tetanus but an expression of anxiety.

This
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is increased and made more apparent by the effect of
external stimuli.

Any noise, a bright light, moving

of furniture about the room, or touching the bed, e +-vC.,
caude spasm and pain.

Percussion or palpation of the

limb affected increase the riridi ty and cause pain.

'.Lhe

reflexes of the limb involved show marked increase.
Examination of the wound at this time may (in the
late variety) show it to be completely healed; in the
early type the appearance of the wound may be changed.
Suppuration is generally diminished, granulation tissue
has become arrested in its growth, the skin is increased
in redness, and some dead tissue may be present.

7he general symptoms are not all typical.

The

patient generally shows some rise in temperature, but
not to a very high degree--from 100 F. to 101 F. (37.8
to 38.3

c.).

The pulse is more rapid, however, ranging

from 100 to 120.

The urine is generally diminished in

quantity, and sweating is a frequent symptom.

The

respirations are but slightly embarrased, if at all.
Retention of urine is not an uncommon symptom.
The course of the disease is chronic.

The first

stage of painful contractions and fixation of the limb
generally extends over a period of from ten to twenty
days.

The second stage then follows, in which the

pai.nful contractures cease but the limb still remains

37
rigid and is fixed by the board-like rigidity of the
muscles.

This period lasts from tv1enty-five to forty-

nine days.

During this time, the muscles may become

atrophied; tendon contractures, trophic ulcers, and
vasomotor disturbances may become established.

The

third period, that of recovery, may be extended over
a long time.

From three to four months is not excessively

long for this period of recovery.
Diagnosis--This is made from the above enumerated
symptoms.

Certain conditions, however, must be

eliminated, namely; (1) irritation of motor and mixed
nerves, (2) spasmodic monoplegia accompanying cerebral
or medullary lesions, (3) contractures due to diseases
of bones or joints and (4) tetany.
Prognosis--In local tetanus of the limbs the prognosis
does not depend upon the time of incubation, as in other
forms; although the disease tends toward chronicity,
Reuter reported 3 deaths in 6 cases.

death may occur.

Localized postoperative tetanus has a higher mortality
than this form.

Complication are more frequent in local

tetanus, and orthopedic measures often have to be
resorted to in order to restore function to the limb
or limbs affected.
LOCAL TETANUS !a.I!! PARAPLEGIA--This is of extremely rare
ocurrence.

Two forms have been described, however; a
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superior paraplegic form in

whi~h

the hands, forearms

and arms are flexed and rigid, and an inferior form
manifested by fixation of the legs, thighs, and feet
in extension by muscular rigidity.

The prognosis is

good; the few cases reported have recovered.
ATTENUATED TETANUS--This is also a very rare form, which
develops after a long period of incubation.
have a very gradual and insidious onset.

The symptoms

Stiffness of

the muscles of the wounded part or of the jaw character-

ize its appearance and is accompanied by exaggeration
of the reflexes.

The facial expression is abnormal and

anxious.
These patients show no constitutional symptoms.
They are not incapacitated and are usually up and about.
The prognosis is very good.

The attenuated cases are

probably due to the lengthening of the incubation period
by prophylaciic injections of the sera.

EXPERIMENTATION
About forty years ago, when the now accepted
purely central theory came to be regarded as irrefutable ,
mainly in consequence of the support it received from
experimental scientists, a number of writers raised
objections to it on the ground that it fails to account
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in a satisfactory manner for many of the features of
the disease.

No theory of tetanus can hope to survive,

whose tenets cannot be made to square with observations
to it, on the ground that it fails to account in a
satisfactory manner for many of the features of the
disease.

Abel, et al, (1-8), lay particular signi-

ficance on the clinical emphasis of their belief that
the toxin of the disease acts directly and in a very
significant manner on all voluntary muscles of the
body, irrespective of the pathway by which it reaches
them; that this action is a graded one, varying in degree
with the number of "muscle units" that have responded
to it in accordance with the "all or none" law, if they
may assume this to hold in the case; that the toxin
elicits at first, a hardly demonstrable stiffness of
the muscles, which passes gradually into the well-known
extreme stage of an unyielding rigid contracture when the
affected muscles can no longer respond to voluntary impulses
and no longer become flaccid after sectioning their motor
nerves.

They have every reason to believe that every

stage of contracture, inclusive of the terminal one, is
due, not to an action of the toxin on central motor
nuclei, but to its direct action on the muscles
themselves.
Two opposing views in regard to the nature of tetanus
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are encountered in studying only a limited number of the
innumerable descriptions of its protean manifestations
that have appeared within the past two centuries.

Belief

in the theory that tetanus is solely a disease of the
central nervous system, has a more ancient and a far
more distinguished lineage than has any modification
of it hitherto.offered by its opponents.

Enunciated

many centuries ago as accounting in the most obvious
and logical manner for the events occurring at the bedside, it has received within the past fifth years the
practically unanimous support of a large number of experienced and influential bacteriologists, pathologists,
physiologists and pharmacologists.

The researches that

were carried out by these experimentalists with the causative agent of the disease--the toxin of clostridium
tetani--assumed an importance that enabled the earlier
clinical belief, permissible enough in its day, to acquire its present status of an irrefutable theory.
A century ago, Thomas B. Curling, a young assistant
surgeon to the London Hospital and lecturer on morbid
anatomy, wrote his well-known essay entitled

11

A Treatise

on Tetanus," for which the Jacksonian Prize for the
year 1834 was awarded. (43)

In the section of his essay

entitled "Theory of Tetanus," Curling remarks, "That the
spinal marrow is the seat of diseased action in tetanus,
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is in truth by no means a modern opinion, having been
maintained by Galen, and adopted by Fernelius, Willis,
Hoffman, and Lieutaud. 11

It may perhaps interest the

reader if we select Curling as representing the views
of his predecessors and contemporaries in respect to the
nature of the disease, more especially since he is
representative of tha.t large number of clinicians as
well as of experimentalists who have confined themselves
to a study of the purely centrally induced symptoms of
the disease without paying due attention to its local
forms.
After a careful study of his own cases of tetanus
and his autopsy records and numerous cases of the disease
as described by others (128 cases in all), Curling says,
"I am induced to infers
11

1. That tetanus is a functional disease of the

nervous system, that is to say, a disease unaccompanied
with any perceptible lesion of structure, the nature of
which, although essentially distinct from inflammation,
is completely unknown.

There are, therefore, no morbid

changes peculiar to tetanus, and by which it can be
recognized.
"2. That the seat of this peculiar morbid action,
termed Tetanic irritation, is the tractus morotius, on
either side, wholly or in part, the superior being the
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portion most generally affected.
11

3. That the result of tetanic irritation in the

tractus motorius, or medulla, is a supply to the muscles
of a stimulus to abnormal action, which although limited
to the muscles subservient to the will, is, nevertheless,
totally without its control."
In paragraph 4 Curling deals with irritations of
the medulla (spinalis) that "may be caused by a wound,
cold, or any other source."

An occurence of this nature,

he holds, can induce that frequently appearing variety
of the disease long known as idiopathic tetanus, in
contradistinction to the usual traumatic tetanus.
That, in pure traumatic tetanus, the primary impression is confined for an indefinite time to the
nerves of the part injured, being transmitted at one
subsequent period to the medulla (spinalis) and thus
exciting the disease.
That when tetanic irritation is once fully excited
in the medualla (spinalis) which is made manifest by
spasmodic contractions in the muscles, the disease is
independent of the exciting cause, and does not cease
upon its removal."
The citations that have been given from Curling's
essay show that his views and, that of others both before
and after his time, practically coincide with the orthodox
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opinion of our day that t-etanus is solely a ttfunctional
disease" of the central nervous system.

'The essay was

translated into German ans surgeon Rose (105) of Zurich
and later of Berlin, who certainly had a wider experience
with tetanus than any other of his European contemporaries,
remarks, that "Curling's reflex theory" so influence
Romberg and Friedrich and others that their writings
became mainly responsible for the acceptance and extension of Curling's views in Germany.
Of the many investigators who have studied tetanus
from the experimental as distinguished from the clinical
point of view, may be named: Nicolaier, (93-94), Brieger,
(26), Kitasato, (71-73), Sanchez-Toledo and Veillon (109),
Nissen (96), Vaillard and Vincent (123), Metchnikoff

(86), Pestana (99), Stern (119), Brunner (30), Bruschettini
(31), Kartulis (70), Quadu (100), Buschke and Oergel (34),
Knorr (76), Decroly (46), Blumenthal (21), Bolton (22),
Marie and Morax (83), Meyer and his associates (Ransom,
Loewi, Frohlich and Halsey), (87), McClintock and Hutchings
(80), Fermin (98), Teale and Embleton {121), Bieling
and Gottschalk {18), Yasuyama. and Schobl (131).

Some

of these have examined for their content of toxin, the
blood, lymph, cerebrospinal fluid and urine, or one or
more organs of human beings with tetanus; and all of
them have made similar 'tlU.t more extended studies with

experimental animals, that hR'd received very large or small,
but still fatal, doses of the toxin.

In the decades 1880

to 1910 (a period of great activity in the studies relative to the fate of the toxin in the body) other names
than those mentioned above may also be found; and it may
be remarked that the findings of the writers of one nation,
during this time, often merely corroborated those published
by their contemporaries of another nation.
On the basis of exhaustive experimentation and
evidence, Abel and his co-workers have proved that the
tetanus toxin is brought to the motor neurons of the
spinal cord, medulla and pons and to all other parts of
the body, in all cases of general as distinguished
from a purely local tetanus (which is caused by
lymph-borne toxin), solely by way of the blood stream.
This experimentally determined fact cannot be reconciled
with the prevailing belief that the toxin is carried
in some mysterious manner, and in an indeterminate
time to the central neurons by way of the axis cylinders
of motor nerves.

They also proved that the site of

action of the toxin in local tetanus is at the motor
end-plates of the voluntary muscles.
Recent papers by Doerr and his associates (48),
Abel et al, however, as well as certain statements
made by others, impelled Abel to restate their position
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and to give further evidence in support of it.

Doerr, in

particular, believes that the experiments recently made
by himself and his co-workers, which will be considered
later, prove that the toxin is not carried to the motor
neurons of the central nervous system by way of the blood
stream, but that it is absorbed by the motor nerve
terminals of the voluntary muscles and is thence·carried
in axis cylinders to central neurons, in accordance with
the well-known belief of Meyer and other earlier proponents of this theory.

These workers assumed that the

state of rigidity and contracture so characterisiic of
every type of local tetanus, as well as the completely
analorous state of the muscles of the head and neck,
the abdomen and the thorax, encountered in descending
tetanus, are brought about solely by the action of the
toxin on central neurons, exactly as are the tactile reflex spasms and convulsions of this more generalized
type of tetanus.

No satisfactory bypothesis has ever

been offered to explain how a water-soluble substance
of so large a molecular weight as that of tetanus toxin,
once it has been absorbed by the functional motor endorgans, by naked telodendria, or by the muscle fibers
of the higher vertebrates, can be transported to central
neurons in axis cylinders.
The axis cylinder carriage theory assumes that the
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toxin is not boWld by the motor end-organs or the axis
cylinders, that they do not immobilize it, that it can
move from point to point in them in its natural and
Wlaltered state, and that the axis cylinders serve merely
as nature's conduits for its centripetal transportation.
The theory is inconsistent for the reason that the axis
cylinders of the motor nerves are believed to effect the
transmission of the toxin to central neurons and so to
influence them that· they become responsitle, at one time,
for the appearance solely of an Wlcomplicated local
tetanus, and at another time, for the appearance of a
generalized tetanus, with all the possible symptoms of
the disease.
1. Local tetanus.

All students of tetanus are now

agreed that a long-lasting muscular rigidity appears
when an appropriate amount of the toxin is injected
into voluntary muscles, or when it is brought to them
more indirectly bJr lymphatic net-works as the result of
subcutaneous (or intraneural) injection.

Every volWl-

tary muscle of the body that can be reached by the
hypodermic syringe can be thrown into a state of rigidity
(the Starre of German writers) by amounts of toxin that
are so small that not enough of it passes into the
circulation to influence the neurons of the spinal cord.
Abel has in this

manne~

often induced in all of the four
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extremities of dogs and rabbits a local tetanus that
lasted for many weeks; this was never complicated by
the slightest sign of a tactile tetanus, such as always
appears when a sufficient quantity of the toxin has
been fixed upon the anterior horn cells of the spinal
cord.

In accordance with the prevailing nerve carriage

theory, this form of tetanus is thought to be explainable
only in the following manner.

Three anatomical structures

are involved: (1) The motor nerve terminals of the
voluntary muscles absorb the locally injected toxin and
pass it on to (2) the axis cylinders, which act as conduits
for its transmission to (3) central neurons: these are
so affected by the toxin as to send out efferent
impulses that induce a state of rigidity in the locally
injected muscles.

It is to be noted in this connection

that the only afferent impulses that are capable of
exciting the poisoned centers of a local tetanus come to
them by way of the proprioceptive fibers, while tactile
stimuli are entirely inoperative.
2. General tetanus.

If, now, in place of bringing

the toxin directly into contact with voluntary muscles
by means of the hypodermic syringe, we inject it intravenously, it must reach the reacting central neurons via
the same absorbing and transmitting axis cylinders that
are supposedly effective

i~

the production of local tetanus.
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But when the toxin is thus distributed throughout the
body an entirely different type of tetanus results.
All of the symptoms of a general tetanus appear in due
course, instead of only one of them, as described above.
In addition to generalized muscular rigidity there appears,
particularly in animals that are very sensitive to the
toxin, an exaggerated reflex excitability, which is
characterized by repeated spasms and convulsive seizures.
It has been assumed and maintained for fifty years
that three experimentally separable states, (1) the topically
induced muscular rigidity called local tetanus, (2) the
wide-spread rigidity and (3) the exaggerated reflex
excitability associated with general tetanus, can be
accounted for only by making use of one and the same centripetal axis cylinder mechanism.

But it is difficult

to understand how one and the same absorbing and conducting neural mechanism can account for these different
events.

Meyer and Ransom (88) were fully aware of the

contradictions involved in the nerve carriage theory, and
in order to get rid of them, evolved the theory that the
toxin acts on two entirely centers of the motor apparatus
of the spinal cord.

When an adequate amount of the toxin

is injected into a muscle, the motor nerve terminals
absorb and supposedly transmit it, via the axis cylinders,
directly to a type of motor center that responds to it
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in such a manner as to bring about an uncomplicated
localized muscular ri,'idity (lokale Muskelstarre).

But

when the toxin is distributed by the blood stream it is
picked up by all of the motor nerve terminals of the body
and is then carried in the axis cylinders to all of the
centers of the spinal cord; it is now supposed to reach
a second additional type of center, which is responsible
for the reflex hyperexcitability and convulsions of
general tetanus.

Firor and Jonas (54) have subjected

this theory to a critical analysis in a series of injection of the toxin into the anterior horn of the intact
spinal cord, and have concluded that Meyer and Ransom's
theory is untenable.
More than forty years ago Meyer and Ransom (88)
stated that then a sufficient amount of tetanus antitoxin is injected into the sciatic nerve of a guinea-pig,
cat, rabbit or dog, and thereupon an equivalent amount
or more of tetanus toxin is injected beneath the skin of
the leg, local tetanus does not make its appearance
either in this leg or elsewhere.

These authors headed a

series of experiments dealing with this point as follows:
nEndangered centers of the spinal cord can be protected
against tetanus toxin by blocking the conducting nerves
with antitoxin."

The experiments seemed to prove that

intrasciatic injections of antitoxin actually established

50
the nerve carriage theory•on a firm basis.
Teale and Embleton (121) repeated these experiments and concluded that "the injection of tetanus
antitoxin into the sciatic nerve prevents the occurence
of tetanus in that leg, or at least greatly delays the
onset and diminishes the severity of the symptoms."
These authors furthermore state,

11

although tetanus toxin

ascends to the central nervous system by way of the
axis cylinders of the nerves, it also to a very great
extent passes up the nerves to the cord by way of the
peripheral lymphatics.

Blocking of the latter paths

greatly delays and in some cases completely prevents
the occurrence of tetanus in the part corresponding to
the nerve whose lymphatic paths have been blocked."
In a recent paper, entitled "Dynamische Aktivierung
des toxisch induzierten lokalen Tetanus," Doerr and
Seidenberg (48) have attempted to prove by means of a
new type of experiment that intramuscularly injected
tetanus toxin is not carried to central neurons by the
blood stream, but by way of the axis cylinders of the
motor neurons and that local tetanus is therefore as
truly of central origin as are the reflexly initiated
and maintained convulsive seizures of the disease.

Doerr,

as is evident from a study of his various papers, holds
that in natural tetanus the motor nerve terminals actually

~l

absorb the toxin, but without

~epriving

it of its mobility.

It is therefore, supposedly, still capable of being
transferred by these terminals to the axis cylinders
in which, again, its mobility enables it to be carried
in some unexplained manner to the receptive centers of
the neural axis.
Doerr's argument in support of this theory of the
central origin of local tetanus runs as follows: When
an effective quantity of the toxin (dose 1) is injected intramuscularly at a single designated point into
the forelegs of a rabbit, it is absorbed by the motor
nerve terminals of the muscles of these legs and is thence
transported in axis cylinders to the neurons of the cervical cord; responding to sensory stimuli these neurons
send out efferent impulses to the toxin-injected muscles
which cause them to react with the tonic rigidity of
local tetanus.

When, however, this dose (1) of the

toxin is injected intramuscularly a one point into the
thigh muscles of the two hind legs of a normal rabbit, no
evidence of local tetanus is obtainable; this is therefore called the subthreshold dose for the hind legs.

In

order to produce local tetanus of the hind legs three
or four multiples of dose 1 must be rejected.

But when,

as in Doerr's Schema 1, the hind legs are injected with
their

subthreshol~

dose (dose 1), at the same time that

the forelegs receive this same dose of the toxin, which
is so effective in their case, the two hind legs also
fall into local tetanus; they are stated to become
rigid at about the same time or some days later than
the forelegs.

It is clearly stated by Doerr that none

of the stiffened extremities ever give, at any time, the
slightest signs of an associated tactile reflex tetanus,
The explanation offered by Doerr to account for
this unexpected and unusual response to the subthreshold
dose of the toxin is as follows:

The highly poisoned

motor neurons of the cervical cord, that were responsible for the certain appearance of local tetanus in
the rabbit's forelegs, and down "dynamically activating
impulsesn to the lumbar centers, which were not sufficiently poisoned to call forth local tetanus in the hind
legs without outside help.

When these supposedly

activating impulses, originating in the cervical cord,
reached the insufficiently poisoned lumbar centers they
aroused them to such a pitch of activity the local
tetanus now appeared in the hind legs.
Two assumptions are involved in Doerr's explanation of his experimental findings, one of which is of a
functional neurological character (dynamically activating
impulses), while the other takes it for granted that the
neurons of both the cervical and the lumbar cord had
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actually received the toxin (doses 1 and 4, respectively)
by way of the axis cylinders.

Eve~

when a subthreshold

dose was injected at one point only, into the thigh
muscles, the toxin was nevertheless believed to have
been carried, in this way, to the corresponding lumbar
centers in an amount that was of itself entirely

in~

sufficient to induce local tetanus, but which later
became highly potent in this respect, under the continued impact of the "dynamically activating impulses"
emitted by the throughly poisoned cervical centers.
The entire absence in Doerr's locally tetanized
animals of even the mildest type of tactile reflex
symptoms, not to speak of pronounced convulsive spasms,
is in agreement with our belief that too little of the
injected toxin was carried in the motor centers and
synapses of the neural axis to induce the reflex symptoms
that inevitably appear as soon as the requisite
minimal amount of the toxin reaches them by way of the
circulation.

To induce a long-lasting local tetanus

in one hind leg of a rabbit, Doerr injected intramuscularly at one point his "Dose 4", which, according to
our analysis of the data given by him, is the equivalent
of 4/25 of a rabbit lethal dose.

It is difficult for

us to understand why, after the injection of 4/25
rabbit L.D. into the muscles of a hind leg (whereby a.

local tetanus is produced in 48 hours) enough of this
relatively large amount of toxin does not also find
its way, via axis cylinders, to the anterior horn cells
of the cord and thus induce symptoms of a restricted
tactile reflex tetanus, after an incugation period of
three or four days.

As a matter of fact, it requires

but a very minute quantity of tetanus toxin to produce
a restricted reflex tetanus of central origin.
When all of the nerve trunks of an extremity
or of any other part of the body are severed, subcutaneous, intramuscular or intraneural injections of the
toxin are equally powerless to produce local tetanus in
the neurotomized regions.

An easily performed experiment

serves to impress this statement on the mind.

The intra-

muscular injection of a suitable amount of the toxin
at multiple points into one hind leg of a normal
animal is followed by a long-lasting local tetanus,
which remains confined to the injected muscles, unless
more than the required quantity of the toxin has been
employed; as against this result, the injection, at the
same time, of an equal amount of the toxin into the
muscles of the contralateral but previously completely
denervated leg, is never followed by the slightest evidence of local or general tetanus.
When a lethal dose or more of the toxin is injected
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per venam into a normaL four-footed animal, complete
stiffness of all four of its extremities inevitably
follows in due time, but it is not possible, of course,
to induce stiffness in only one extremity by this method
of administering the toxin.

When all of the nerves of

only one extremity are transected and a fatal dose of
the toxin is thereupon administered intravenously, as
before, the usual stiffness (together with the usual
reflex tetanus) appears in the three legs and other
parts of the body whose nerves have not been transected,
while the denervated leg remains flaccid as long as
life continues.
In the course of the studies at Johns Hopkins•
Hospital on various aspects of tetanus, Abel et al,
have often had occasion to convince themselves of the
correctness of the foregoing statements.

It is clear

that toxin injected into an extremity all of whose
nerves have been transected can no longer act as a
poison for that particular extremity.

That neurotomy

leads to the disappearance of the local tetanus of human
beings, provided that the rigidity be not of long
duration, was well-known to the internists and surgeons
of the latter part of the eighteenth and early

year~

of the nineteenth century; the operation was frequently
employed as late as 1871 in the hope of mitigating the
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symptoms of the disease, but it is only within the last
fifty years that earlier observations have been verified
by animal experiments.
These observations taken with those presently to
be described are still believed by many to lend support
to the axis cylinder carriage of the toxin and even to
prove that local tetanus and the muscular rigidity
of identical character seen in generalized tetanus
caused by the action of the toxin on central neurons and
not, as we believe, by its direct action on the neuromuscular junctions.

In fact, the physiological effect of

nerve transections, before and after administration of
the toxin, was formerly thought to preclude the possibility
of the direct action of tetanus toxin on voluntary
muscles.

Discoveries of the past forty years relative

to the manner in which peripherally acting drugs bring
about their effects, whether these concern cross-striped
or smooth muscles, or secretory cells, have shown,
however, that nerve transections do not preclude the
possibility of the perpheral action of many drugs.
The literature of pharmacology cents.ins a number
of examples of well-known substances that can be shown
to act directly upon voluntary muscles with intact motor
terminals but which, like tetanus toxin, fail completely
to induce the usual muscular rigidity when they are
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injected after the

transec~ion

of the mixed nerves to

muscles.

CONCLUSION OF EXPERIMENTS

!! JOHNS HOPKINS HOSPITAL
The history of science bears testimony to the
fact that it is not easy to dislodge from the mind a
theory that has long been whole-heartedly accepted.

The

experimenters have therefore presented in this paper more
arguments than might seem necessary to disprove the
validity of the nerve carriage theory of tetanus toxin.
Two or three positive irrefutable arguments would
probably suffice to bring the majority of investigators
to their point of view; others, however, more firmly
convinced of the tenability of the concepts of Meyer (87)
and Marie (83) might not accept their theory, as long as
they could discover a single apparent objection to it.
They have therefore reviewed critically the main arguments
that have been adduced in the past in favor of the theory,
and shown that each of them may be refuted, and have given
further evidence to show that tetanus toxin can be
carried to the tissues of the body, whether these be the
specifically reacting striated muscles and motor horn
cells or structures that do not respond in a recognizable
manner to the action of the toxin, only by the same

mechanisms that effect the

d~stribution

of countless other

drugs and poisons, namely, the blood-and the lymph-vascular
systems.

This poison is capable of exhibiting a dual

action, the components of which are separately demonstrable
by methods that have been described in foregoing papers:
the first effect is a poisoning of the motor horn cells,
which is manifested solely by the appearance of reflex
motor tetanus; the second results from the fixation of the
toxin upon the motor end-organs of the striated muscles
and is characterized by the appearance of an enduring
muscular rigidity.

In the general, or descending tetanus

of susceptible animals, such as the guinea-pig, horse and
man, both of these principal actions of tetanus toxin may
be observed simultaneously.

Their concept, which is

quite in harmony with fundamental physiological and
toxicological principles, at once simplifies the task
of classifying and explaining the various types of tetanus,
whether ascending or descending, local or general, without assigning to tetanus toxin this property--the ability
to travel up peripheral nerves--and without resorting to
ad hoc hypotheses, such as the existence of dual spinal
cord centers (Meyer) and the "dynamic-acti ,,,a tion" concept.
(Doerr)
When all of the experimentally obtained facts that
cannot be reconciled with the axis cylinder carriage
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thee ry are taken into considera•tion, it will be admitted
that the theory is not only untenable but entirely
superfluous.

They have tried to show that the facts with

which the theory is not in harmony establish, among other
important features of the pathology of tetanus, the true
nature of tetanic action of the toxin.
Abel, et al., state that when the toxin reaches the
blood stream, it is distributed to the various susceptible organs, where it becomes fixed.

Thus any amount

over that which if fixed in these organs still remains
in the blood stream and may be recovered as demonstrably
toxic on smaller assay animals.
With this theory. they show that the time of death
is pre-determined by the absolute amount of toxin that
has bsen fixed by the specifically reacting organs of
the body, in the first few hours during which their
cells were exposed to the requisite threshold concentration of this poison.

This is done by removing the

excess of toxin still circulated by the blood vascular
and lymphatic systems by repeatedly t·leeding and infusing
the poisoned animals with normal blood.
Dogs were injected with varing amounts of toxin
and after progressively increasine periods of time were
bled and transfused.

Results of these experiments

show that the amount of toxin fixed by the tissues of
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the body varies directly with the time that it is
circulated in the blood stream.

Thus, animals that

were bled and transfused early did not fix lethal
amounts of toxin and thos recovered.

Those which were

allowed to progress, fixed larger amounts of toxin, and
as bleeding and transfusion had no effect upon mobilizing the fixed toxin, these animals became progressively
worse and died.
In later experiments the authors injected animals
with large doses of toxin, allowed definite time intervals for the fixation of toxin, and then washed the circulatory system as free as possible by bleeding and transfusion.

Instead of allowing the animal to progress

into symptoms of tetanus and death, they injected a relatively large dose of anti-tetanic serum and it was found
that the animal survived without showing any manifestations of tetanus.

Thus, the ability of tetanus antitoxin

to unite with the fixed toxin and save life during the
incubation period is conclusively shown.
We may now consider the question, to what extent
should the failure of antitetanic serum to save the lives
of animals that have fixed a lethal dose of the toxin
influence physicians in estimating its value in the treatment of human tetanus.
greatly conditions

It need not be pointed out how

di~fer

in the case of patients that
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come to our hospitals in the various stages of tetanus,
from those encountered in the well-controlled instances
of experimental tetanus.

It is well-known that in the

days before the discovery of tetanus antitoxin some

30 percent and more of all cases of tetanus recovered, and
it is also well-known that the authors of numerous
statistical studies have concluded that there is no
evidence that the death rate of tetanus has been lowered
as a result of the extensive use of antitetanic serum,
once the symptoms of general tetanus, as distinguished
from the local type, are well established.

Nevertheless,

the time has not come when we can say with any degree of
certainty that the administration of the serum can be
dispensed with in human tetanus, unless, indeed, the
patient comes to our attention at a time when he is
moribund and intervention of any kind is plainly useless.
The decision whether to use antitetanic serum, or not,
must be made without delay at the time of the first
examination of the patient.

Who, in the present state

of our knowledge, will venture to decide, at the time
the patient first comes to hand, whether his tissues
have absorbed and fixed a full lethal dose of the toxin,
or three quarters of a half of this amount?

The reason

that as many as 30 percent of all cases of human tetanus
finally recovered, in pre-antitoxin days, is found in the

facts that have been·brought to light by injecting
animals with graded doses of the toxin.

Experiments

of this kind support the following statement: When the
amount of toxin that is fixed by the tissues falls short
of the full lethal dose, even though it may amount to
three quarters of a lethal dose, recovery finally
takes place, with or without antitetanic serum.

We

have, however, at the moment no definite test that
enables us to decide, in an hour or less, whether, in
any given case of human tetanus, a lethal dose of the
toxin has been fixed at the time the patient comes to
our attention.

As is well-known, the later course of this

insidious disease is generally unpredictable.

This

holds true even for instances in which the period of
incubation is as long as twelve to fourteen days or more.
Many instances are cited in the literature of such
patients, who appeared to have every chance of life, but
in whom there occured a sudden and fatal exacerbation
of symptoms, because of a renewed production of the
toxin in a concealed locus of infection.
Before the antitetanic serum was used, cases
of this kind always died, sooner or later, of tetanus.
Since today, all patients, irrespective of the length
of the period of incubation, are injected with the serum,
some therefore survive that might have died from the
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deadly effects of a subsequently produced charge of
toxin.

It would certainly not be permissible for a

physician to make an offhand decision, in a case with
an &scertained incubation time of twelve or more days,
that the employment of antitetanic serum can be dispensed
with on the assumption that his patient has every chance
of recovering without it.
But there is one particular type of human tetanus,
whose final outcome cannot be foretold, but in which
the physician would not be justified in under estimating
the extraordinary life-saving power· of the timely employment of the serum.

I have in mind cases that come to the

physician with symptoms of a purely local tetanus of one
of the extremities, for example, that do hot show the
slightest signs of tactile reflex symptoms.

Here we may

have a relatively long period of incubation, and here
the toxin elaborated at the point of infection first
reaches, by way of lymphatic net-works, and not by way
of the blood stream, certain groups of muscles in
the neighborhood of the infected area.

These instances

of a prior local tetanus serve to illustrate the direct
peripheral action of the toxin upon voluntary muscles,
as distinct from its action upon centra: neurons.

The

literature of tetanus contains many instances in which
a purely local tetanus of an extremity,

o~

of a few
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groups of muscles, constituted the only evidence of the
disease, and it has often been pointed out that this form
of tetanus occurs more frequently than one would suppose.
The contractured muscles return to their normal state
in the course of several weeks or of many months.
Let us suppose that local tetanus is as yet no
evidence· that a fa. tal amowit of a gradually elaborated
toxin has been fixed by the motor neurons of the neural
axis.

To these neurons the toxin can be carried only

by way of the circulation.

That a well established local

tetanus may be followed in a few days by a fatal, descending or blood-borne tetanus (which is solely due to
the transfer to central neurons, via the blood stream,
of a lethal amount of the toxin), is clearly proved by
numerous case histories of the past.
No fact is more clearly established, as is shown by
the protocols of the experiments of Abel and his associates on monkeys and dogs, than that these animals can be
saved from the effects of one or more fatal doses of the
toxin, if a sufficient quantity of antitetanic serum is
injected intravenously at a time when the onl: symptoms
are those of a purely local tetanus and when there is as
yet no determinable evidence that a fatal, superimposed,
descending tetanus is in the making.
In endeavoring to save human beings with a persistent
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local, and later descending teta-nus, we cannot now be
certain, as we are in animal experiments, whether a full
lethal dose or less has been fixed at the time when the
antitetanic serum is to be injected.

Despite our

ignorance in respect to this fact, we nevertheless
incline to the belief, in view of the past history of
tetanus and in view of success in saving animals under
the conditions described in the proctocols of Abel and
his workers, that the injection of the serum into
patients with this type of tetanus, at a stage comparable
to that of our experiments, will save many of them, even
when a full lethal dose of the toxin has been absorbed.
Of the dozen and more cases that Abel, et al.,
have had the privilege of studying in the hospitals of
Baltimore in the past three years, they recall only two
in which local tetanus was a well marked prior symptom.
In one.of the two cases the site of injection was in the
crushed distal phalanx of the right ring finger; the local
tetanus that developed in the interossei and lumbricales
caused the fingers to be spread apart in extension.

The

other case, was an example of local tetanus of the head.
Although these patients later showed symptoms of descending tetanus, they recovered following the use of
antitetanic serum.
any degree of

They cannot, however, state with

confid~nce

that the serum saved their lives,
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for they had no way of deteri..ining in either case whether
a lethal amount of toxin had been fixed upon the tissues
before the serum was given or whether a lethal dose was
subsequently produced at the site of infection, only to
be neutralized by the circulating antitoxin.
While we are discussing the conditions under which
life may be saved by timely injections of antitetanic
serum, it may be well to call attention to another
variety of local tetanus that often responds favorably
to such injections.

This variety is known as head, or

cephalic tetanus, and it is here that some of the
fjnest examples of local tetanus are seen.

If the seat

of the infection is situated on one side of the face,
~he

facial and the masseteric muscles of that side are

the first

~o

become rigid; if the lesion is medially

situated, the muscles of both sides of the face and head
v:ill be equally affected.

After an extensive wound of

the scalp the resulting muscular rigidity and contracture
may involve the ocular, facial, masticatory, pharyngeal,
laryngeal and neck muscles to an equal degree on both
sides.

In the classical examples of head tetanus the

rigidity of these muscles generally develops gradually
over a number of days.

In benign cases, more particularly

those in which the pharyngeal and laryngeal muscles
remain unaffected, rio further symptoms may develop.
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However, after an extreme local tetanus appearsi in
the pharyngeal and laryngeal muscles there is little
chance of recovery.
There are many instances of head tetanus with a
more prolonged incubation period, in which the later,
superimposed and generalized ref lex tetanic symptoms
appear only very slowly, or not at all, as was remarked
by Klemm (74) in his studies on this form of the disease;
and that careful clinical observer, Brunner, (30), whose
work on the experimental production of head tetanus in
animals is well-known, stated that the locally poisoned
muscles, in the head tetanus in animals is well-known,
may be entirely free from centrally induced "tetanic
cramps"; and he accordingly used the phrase, "localized
stationary tetanus," as adequately descriptive of head
tetanus.

In cases of this kind, the early injection of

an appropriate amount of antitetanic serum, which should
be considerably larger than the usual prophylactic dose,
may prevent the further fixation of newly produced toxin
and thus save life.

There are, however, many other cases

of head tetanus, that do not remain in this state of
a "localized stationary tetanus, .. free from centrally
induced "tetanic cramps."

Here, an additional type of

tetanus, induced by blood-borne toxin, appears when more
toxin is produced at the site of infection than can be

fixed by muscles of the face, head, and neck.

This excess

of the toxin is distributed throughout the body, via the
blood stream.

The muscles that are not in a state of

local tetanus, and the central neurons, are not supplied
with an effective amount of the toxin.

If the excess

amounts to a lethal dose or more, the neurons will fix
their own lethal quantum of it.
Before the discovery and use of antitetanic serum,
all the cases of head tetanus of this kind terminated
fatally.

Abel, et al., are inclined, however, to believe

that many cases of this conjoint type, of an earlier
head and a later more generalized tetanus, that came
under observation at a time when there was, as yet, no
evidence of a highly reflex state, causes the fixation
of a fatal amount of the toxin upon central neurons,
could have been saved by the injection of antitetanic
serum at this time.

Justification for this belief is

found in the protocols of experiments with dogs and monkeys (8), that had been injected intramuscularly with
one or more lethal doses of the toxin in such a manner
as to produce a prior local tetanus.

These animals

were saved by the intravenous injection of large amounts
of antitetanic serum, when there were as yet no symptoms
of the disease except those due to local tetanus.
If we admit, as we must, in view of numerous

statistical reports, that little if anything has been
accomplished in a therapeutic way by the specific
tree.tment of serious cases of human tetanus, it does
not follow tha.t we can dispense with antitetanic serum,
or even that we are justified in employing it less freely than we are now doing.
The statistician deals with data concerning the
number of people that have died of tetanus after treatment with antitetanic serum and the number that have
recovered, the length of the incubation period, and other
related points.

The physician may be fully convinced

of the correctness of the statistician's conclusion
that the serum is devoid of curative value in the true
sense of the term.

The greater number of tetanus cases,

however, come to the physician's notice in the early stages
of the disease, at a time therefore when he still has the
opportunity to avail himself of the possible life-preserving action (as opposed to the curative action) of suitable
amounts of the serum.

There are unfortunately no statis-

tical data at his disposal, at this time when the events
of tetanus are in the making, that will enable him to
conjecture with some degree of probability which of his
cases can be saved by the use of the serum and
He must therefore use it in all
The

un~ertainty

w~ich

not.

c~ses.

of the outcome of untreated cases,
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or even of cases treated with antitetanic serum, does
not absolve us from the

obligatio~

of making use of the

prophylactic action of the serum, in spite of its limitations.

Because of our ignorance in respect to the

factors involved in the earliest stages of human tetanus,
particularly whether the toxin is being slowly elaborated
at the site of infection or more rapidly and in such
large amounts as to furnish many lethal doses, we must
continue to employ the antitetanic serum in all cases
of the disease, at the earliest possible moment, in order
to save that limited number that Abel et al., have every
reason to believe, on the basis of their animal experiments,
can be saved.

Furthermore, a study of the 11.terature

of the tetanus of pre-antitoxin.days brings to light
many cases, more particularly those in which local tetanus
was a prior symptom, that could surely have been saved
by a timely infection of the serum.
It has long been recognized that the serum should
be injected as soon as possible after the diagnosis
tetanus is made.

or

It is known from hospital records, that

individuals with incipient tetanus have been led by the
early and slight stiffness and soreness of the jaw to
consult a physician.

When the possibility of tetanus was

overlooked by the physician, two or three or more days
passed before the symptoms reached that stage at which no
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one could miss the diagnosis.

The difference of a

single day or even of a few hours in the time of
administration of antitetanic serum may mean the difference between life and death.

That this is true is

~xperiments

clearly shown by the

with dogs and monkeys.

The time factor is particularly important in
those cases in which the toxin is being steadily but
not too rapidly elaborated, because we have here a
chance of intervening:with serum before a full lethal
dose has been fixed u*on the tissues.
I

I

PROfHYLAXIS
I

I
I

The prophylaxislof tetanus is directed towards
I

the prevention of toxlns of tetanus bacillus entering
I

the central nervous srstem and the formation of a firm
union with the nerve ~ubstance.

If a union of the toxins

with the central nervpus system takes place an attempt
I

must be made to loosep this union or remove it.

Experience

has shown, however, tbat this is very difficult
I

and at times practically impossible.
I

The fact that t!etanus bacilli remain at the portal
I

of entry, therefore, lin the wound, for a considerable
I

length of time, show~ the importance of surgical
prophylaxis.

In.fav~rable cases the toxic focus may be

eliminated by an excision of the wound.

This form of

prevention of an infection by means of a complete
excision of the wound within the first six hours after
the injury, is applicable, however, only rarely, and
even in peace time is of little significance because
only very few wounds are suitable for this type of
treatment.
The advisability of a prophylaxis of tetanus is
being widely discussed in the literature.

For the

evaluation of tetanus prophylaxis, Froboese (60) states
that the evolution, tetanus or no tetanus, is not a
sufficiently rigorous criterion.

A viewpoint of

clinics and other great institutions is desirable inasmuch as several writers went as far as to claim that
only the opinions of general practitioners should be
considered.

Numerous questionnaires sent out by Jaeger

(69) showed that a large percentage of general practition-

ers do not employ the prophylactic irr.munization against
tetanus and that numerous physicians do not believe
in the efficiency of such treatment.
The prophylaxis of tetanus is directed towards the
prevention of toxins of tetanus bacillus

enter~ng

the

central nervous system and the formation of a firm union
with the nerve substance.
the central

n~vous

If a union of the toxins with

system takes place an attempt must be

made to loosen this unioft or remove it.

Experience has

shown, however, that this is very difficult and at times
practically impossible.
The fact· that tetanus bacilli remain at the portal
of entry, therefore, in the wound, for a considerable
length of time, shows the importance of surgical prophylaxis.

In favorable cases the toxic focus may be elimin-

ated by an excision of the wound.

This form of prevention

of an infection by means of a complete excision of the
wound within the first six hours after the injury, is
applicable, however, only rarely, and even in peace time
is of little significance because only very few wounds
are suitable for this type of treatment.
Bohler (69) depends on the complete debridement of
the wounds and decided to abstain in the future from the
prophylactic treatment of tetanus.

Few years previously

he expressed the opinion that the antitoxin should be
used if the complete excision of the borders of the
wound is not possible and if the injury occurs in regions
in which tetanus frequently appears.

Such diversity of

opinions of the same author, leads only to a confusion
and is not suitable for the instruction of general
practitioners.
Numerous statistics demonstrated the efficiency
of early

pro~hylactic

treatment.

It is estimated that
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at least 10,000 German soldiers would have succombed to
tetanus were it not for the prophylactic treatment.
Opponents of this method claim that the excision of the
wound gained popularity at the outbreak of the World's
War and that this toilette of the wound and not the
tetanus antitoxin were responsible for the good results.
A questionnaire sent out in 1933 to all the heads of the
departments of surgical clinics in Germany showed that
practically all of them praised the prophylactic methos

(69).

Volcker (67) made the remark that a so-called late

tetanus may appear in badly soiled wounds because the
effect of the serum subsides after 12 to 14 days while
the tetanus bacilli still thrive in the damaged tissues.
Therefore, a repetition of the serum injections is advisable if the suppuration exists.
As a rule, a wound becomes infected 6 to 8 hours
after the injury because some time is required until
the bacteria adapt themselves to the new environments.
Hence, a wound can be sterilized within 6 to 8 hours
after the trauma and this can be accomplished by a
complete excision.

A simple removal of torn skin edges

without a complete excision of the wound does not accomplish the purpose and does not comply with the rules
laid down by Friederich.

Unfortunately, the anatomic

conditions.do not always allow a complete eXcision of

the wound.
Friedrich knew that a preparedness to infection is
very pronounced in some pathogenic micro-organisms so
that this type of bacteria is responsible for an immediate
infection of the wound.

An injury in a laboratory with

an infection by pure cultures of bacteria and also
accidents in the operating room, where active germs are
transplanted directly from the patient to the surgeon,
may serve as examples, as may injuries sustained by
butchers, bites, trauma by fishbones, and wound soiled
with human or animal excreta.

It is easily understood

that a toilette of such wounds should never be primarily
sutured because only a grave, progressing phlegmon,
lymphangitis, or a generalized infection can be expected
from such a procedure. (62)
Within 10 years 40,000 fresh injuries were treated
in the surgical clinic of the University of Munich.
During that period of time only 12 cases of tetanus
occurred and none of them received a prophylactic
injection of the antitoxin.

Only one conclusion can be

made from this statistic, viz., that the tetanus
prophylaxis should be employed in each instance in which
no complete excision of the wound can be accomplished
and when an increased preparedness to infection may be
expected.

Jaeger heartily disapproves of Bohler's decision
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to abstain from prophylactic injections of tetanus.

or

the last 1210 cases in which a primary excision of the
wound was performed in Vienna, prophylactic injections
were given to 155 patients or 12.8 percent.

Tetanus toxin

mixed with formol loses its pathogenic properties and may
be used for immunization of animals.

A good vaccine with

formol can be obtained only from a very strong toxin;
such vaccine neutralizes antitoxin.

The effectiveness

or toxin mixed with formol may be increased by keeping it
five weeks at a temperature of 36. (128)
Iodized toxins have been utilized for immunization
of horses.

Such a toxin, inoffensive if injected sub-

cutaneously, is toxic when introduced into the brain
tissue which is probably due to absorption of iodine by
cerebral lipoids.

It is possible to immunize a guinea-

pig against tetanus toxin by introducing a tetanus
anatoxin into the brains.

Anatoxin alone gives better

results than anatoxin neutralized by antitoxins.

A

mixture of anatoxin and antitoxin does not confer immunity
to guniea pigs even if such an injection is followed by
a second injection of anatoxin.

Vaccination of man

with a mixture of equal parts of toxin and Lugol's
solution has been siggested.

Human beings tolerate

well injections of tetanus anatoxin.
cases 10 c.c.

o~

In emergency

antitetanus serum may be injected in

one place and 1 c.c. of anatoxin.in another place; if
the condition of the patient does not necessitate
another serum injection, the active immunization may
be continued by a second injection of 2 c.c. of anatoxin
twenty hours after the injury.

The duration of the active

immunity obtained with injections of anatoxin is at
least one year. (102)

Gottesbueren (62) advocates

active imminization against tetanus achieved by a
detoxification of the tetanus toxin by the addition of
formal in the form of an 0.4 percent solution which,
together with the tetanus toxin, is kept for a few weeks
in an ice box at a temperature of 40

c.

The active

immunization is achieved by a number of injections.
first injection is given in the amount of 1 c.c.
is followed by a slight antitoxin formation.
weeks, another injection of 2 c.c. is given.

The

This

After four
The

immunization achieved in this manner lasts a long time,
and is still quite definite four to five years after
the active immunization.
Antitetanic vaccination by means of the specific
anatoxin finds its indication in individuals and groups
particularly exposed to the tetanic toxi-infection.

The

active immunity conferred thereby, assures a permanent
protection against the more or less remote risks of
tetanus, besides those resulting from all manifest wounds,
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those from wounds too insignificant to warrant injection
of the specific antitoxic serum, and from the unsuspected
formation of a tetanogenic 'focus.
The application and diffusion of antitetanic
vaccination is greatly facilitated by the use of the
procedure of associated vaccinations, in which the
tetanic anatoxin is a$Sociated with one or several
vaccines already currently used, for example, the
diphtheric anatoxin, the typhoid vaccine, or both.
The procedure of associated vaccination realized the
systemat'ic prophylaxis, individual or collective, under
the favorable conditions.
According to a recent report by Pasteur ValleryRadot, 3,000,000 vaccinations with Ramon's anatoxin
have thus far been carried out, and the first tetanus in
the vaccinated groups has still to be observed •.
se~ondary

reactions have never been observed.

Untoward

Also

among the civilian population, voluntary and compulsory
vaccinations are frequent. (67)
The use of vaccination by anatoxin, re-enfor,ced
by the addition of tapioca (which causes a local inflammation)
in the domestic animals has furnished the most convincing
proof of the efficacy of this vaccination.

In the

French army, it has led to the complete disappearance
of tetanus among the horses and mules. (101)

antitoxin so that the blood will possess very high
antitoxin titres.

This anamnestic reaction may accord-

inely be used to solidly immunize man, and the blood of
individuals so treated ma:/ be found to have marked therapeutic effect when transfused into patients suffering
from tetanus.
The degree of immunity produced by active prophylaxis varies unpredictably in different individuals,
within very wide limits, some individuals showing only
traces of antitoxin as the result of their experience,
others possessing antitoxin measurable in terms of units
per cubic centimeter.

The duration of immunity shows

equally great variations.

Certain individuals with ini-

tially high titres may show a rapid falling off in titre,
which soon reaches very low levels, whereas other individuals who may have had a lower initial titre may retain their antibodies for years.

Many American inves-

tigators wl10 base their beliefs on the results of blood
antitoxin titrations have been skeptical as to the long
duration of immunity, but in the majority of cases it is
probable that tissue immunity persists at least several
years after immunization, in spite of low blood antitoxin
titres.

That immunity exists is shown by the fact that

a stimulating injection of toxoid in these individuals is
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followed by a sudden outpouring of antitoxin, while in
experimental animals refractoriness to infection may
actually be demonstrated experimentally long after the
blood antitoxin has disappeared.
Unfortunately no skin test to determine presence
or absence of immunity to tetanus is available, necessitating blood antitoxin titrations of each individual.
Individuals who have been previously actively immunized,
even several years in the past, should not be given antitoxin in the event of a new injury normally necessitating
its use, but instead should receive a single subcutaneous injection of alum-precipitated toxoid.

TREATMENT
In the treatment of tetanus efforts should be
directed along three lines:

(1) The prevention of fur-

ther absorption of toxin by the central nervohs system,
(2) the control of reflex spasms, which kill by respiratory spasms, and (3) the maintenance of strength by
giving sufficient food and fluid and promoting sleep.
The recent experimental studies by Abel and his
co-workers (1-8) have put the pathogenesis of tetanus on
a sound basis and have made the problem of treatment more
rational that formerly.

Tetanus is a disease with dual
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system of an animal against tetanus toxin in general
and specifically against t-oxin introduced by various
routes.

They were also desirous of learning whether

the efficacy of antitoxin varied in tetanus-sensitive
and tetanus-resistant species.

I shall summarize the

results of their studies;
The protecting value of antitoxin varies, for
some unknown reason, in different species.

Antitoxin is

less effective in the very tetanus-sensitive guinea pig
than in the slightly less sensitive mouse and is still
less effective than in the tetanus-resistant dog and cat;
and yet the variation is not directly proportional to
the sensitivity or resistance of the species.

It can-

not be accounted for on the basis of the difference in
the lethal dose in the various species, nor on the basis
of difference in concentration of the antitoxin.

This

relative inefficiency of antitoxin in protecting aeainst
toxin in sensitive animals (man is probably of the same
order of sensitivity as the guinea pig and the monkey)
is of no real consequence as far as its clinical application is concerned, for the same effect can be easily
obtained by giving a sufficiently large amount of antitoxin.
A given amount of antitoxin will protect against
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from two to eight times more toxin if the

t~o

are mixed

in vitro before injection than if they are delivered
directly·into the blood stream.

This they interpret as

meaning that, given a certEin amount of toxin and a
slight excess of antitoxin (as measure by the "in vitro
protecting value") in the blood of an animal, each molecule of toxin is not completely neutralized instan:ly,
thus affording an opportunity for some molecules of·
toxin to escape into the central nervous system (and
other tissues) where fixation and perhaps alteration may
occur so rapidly that they cannot become neutralized unless there is a sufficient excess of antitoxin.

Abel

and his co-workers (1-8) have demonstrated that some of
the toxin which finds its way into the blood stream of
animals passes rapidly out of it and becomes fixed in
the tissues in a unrecoverable state..

They presented

evidence to support their suggestion that fixed toxin
actually can be neutralized, provided, however, that the
antitoxin is available before a cert&in portion of the
incubation period has elapsed and provided that a large
excess of antitoxin is present.

In speaking of toxin

which is circulating in the blood-lymph system, Abel
and Chaljan (7) state that it is as completely and easily
neutralized.by injected antitoxin as would be the case

87
in an in vitro experiment.

-Although the experiments of

Shumaker et al. indicate that this statement is not
quantitatively true, it is absolutely correct in principle, since the toxin reauires only a sufficient amount
of antitoxin for its speedy and
complete neutralization.
··,
Antitoxin introduced intravenously is less effective against toxin deposited subcutaneously, intramuscularly, or intradermally than it is against toxin injected into the blood stream.

Although clinically toxin

is generally liberated in the subcutaneous or intramuscular tissues, their observations again give little cause
for concern in clinical cases for, although antitoxin
is slightly less efficacious against toxin in these tissues
than against that circulating in the blood stream, an excess of antitoxin neutralizes the toxin completely and
effectively.
With regard to the protecting value of antitoxin
injected into a vein against toxin introduced directly
into the cord, they found that an entirely different
situation exists.

If toxin is placed directly into the

lumbar cord of dogs, it takes over

8,ooo

times more anti-

toxin (injected intravenously immediately before the toxin
is injected) to prevent death than if the toxin had been
injected into the blood stream, and about

3,500 times

more antitoxin than if the toxin had been placed in the

89

a sufficient

amoun~

of antitoxin quickly enough.

Their studies have led them to the belief that it
is the toxin fixed within the central nervous system
which is generally responsible for death.

Undoubtedly

the general metabolic disturbance and the attending loss
of weight and strength and the fatigue may be contributing factors, and an occasional patient with tetanus
may die without any convulsive manifestations at all,
possibly from paralysis of the muscles of respiration.
The experimental data indicates, however, that it is
the toxin in the central nervous system which is ordinarily responsible for death.
They have suggested that natural resistance to
tetanus may depend upon the species ability to prevent
the fixation within the central nervous system of an
amount of toxin which will cause death.

Certain con-

siderations, furthermore, make it appear plausable that
a similar important mode of action may be utilized in
acquired active and passive immunity.
Once tetanus toxin is being deposited in the central neurons the great problem is its neutralization
before it has become fixed or altered or during the
early phase of fixation when it is still neutralizable.
In contrast with this very difficult problem they have
demonstrated that free

tox~n

in the skin, subcutaneous
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tissues, muscles, or blood is readily and completely
neutralized by the simple administration of a sufficient
quantity of antitoxin intravenously.

v:h<1.t is the best

manner of brineing as much antitoxin as possible as
quickly as possible to the central nervous system?
There are many controversial opinions as to the
amount and method of administering the antitoxin.
Fantus (52) insists that the antiserum should not be
given until the spasms are under control.

However,

according to the present point of view, this would
allow the fatal dose of toxin to be fixed and antitoxic
therapy would be useless.

Cole (39) states that the

tetanic focus should first be suppressed, followed as
closely as possible by the injection of the antiserum.
In mild and localized cases, with a prolonged incubation,
Ramon (102) uses the injection of 50-150 cc. of antitoxic serum, divided into two doses to be injected within the first 24 hours, each partly subcutaneously and
partly intramuscularly.

The schedule is repeated on

the next day, after which the doses are gradually reduced as the contractures diminish and the temperature
drops.

The minimal total dose is 500,000 antitoxic

units.

If the improvement fails to appear after a

reasonable length of time, the serum must be injected

9:1

by the intravenous or by the intraspinal route, or,
the methods reserved for severe cases must be resorted
to.
In the more severe cases considerable difference
of opinion exists as to the best method of givine antitoxin--whether it should be given intrathecally, by
lumbar or cisternal puncture, intramuscularly or intravenously, or whether by all these routes, and whether
by repeated doses or by one large dose.

It is evident

that when the first symptoms appear some toxin is still,
at this stage, being absorbed from the wound.

In most

patients symptoms will first appear before a lethal
dose has been absorbed, so that if further absorption
from the wound and circulation can be prevented soon
enough, recovery is simply a matter of time,

The aim

of antitoxin treatment, therefore, is to bring antitoxin in large amounts in contact with toxin as soon
as possible after the first symptoms have appeared.
Toxin present in the lymph and the blood would seem to
be most speedily neutralized by a large dose of intravenous antitoxin.
The next question to consider is whether toxin
which has reached the nervous system can be affected
by antitoxin and, if. so, whether the intrathecal or
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cisternal routes have any advantage over the intravenous.
The opinions of clinicians vary, but their results are
difficult to assess, and different series of cases can
be quoted in favor of each method.

~akine

all the evi-

dence, it is difficult ot see ..,rha t advantace is to be
gained by intrathecal over intravenous antitoxin.
The next question to answer is whether one large
dose is sufficient, or whether it should be repeated.
Since a prophylactic dose of 3,000 units is able to
protect in most cases from even a badly infected vmund,
it would not seem necessary to give a further injection
before the seventh day, and by that time the battle is
usually won or lost.

Cole (36) decided to give a single

dose of intravenous antitoxin, and has chosen 200,000
units arbitrarily as being sufficiently large to prevent
further absorption of toxin from the wound.

During the

last few years he has reduced this dose in mild cases.
In the severe cases, with a short incubation and
an acute evolution, Ramon (102) injects 30 to 60 cc. of
serum subcutaneously or intramusculerly, and one-half
hour later, another injection of 30 to 60 cc. of serum
intravenously.

In order to preclude anaphylactic acci-

dents, heated serum is instilled slowly, a drop a second,
thus obtoining immediate desensitization and complete
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impregnation of the entire organism with relatively
small doses.
Dufour (102) uses the intraspinal route.

The

lumbar puncture is performed in lateral decubitus
during the anesthesia, and 20 to

50 cc. of spinal

fluid are withdrawn and replaced quantitatively by
heated serum.

During the following two to six days,

the patient is put to sleep once or

t~ice

a day, in

accordance with the vehemence of the crises, the condition of the heart, the lungs, the pulse and the temperature.

Subsequently, intra.muscfa.lar or subcutaneous

injections are continued for as long as it seems necessary, adding, without anesthesia, intravenous or intraspinal injections, as seem fit.

The doses are very

gradually decreased, in strict accordance with the
clinical improvement.

Needless to stress that, as soon

as symptoms of seric meningitis appear (xanthochromatic
fluid, under pressure), the intraspinal serotherapy
must be abandoned.
In an analysis of 185 cases, Boyce and McFetridge
(24), found that one case in which cisterna puncture
was done and one case in which, for some unfathomable
reason, intraperitoneal injection was done, both terminated fatally.

Intramuscular injection alone gave a

mortality of 49.1% and when combined v-ith intravenous
injection a mortality of 61.6%.

'then the local route

was added to the combination, however, the mortality
fell to 33.3%, and while the number of cases, nine, was
too small to base conclusions upon, it is significant
that no other combination of routes gave such a low
death rate.

The mortality for the cases in

~hich

the

intraspinous route was used with other mentods was 66.6%,
against a mortality of 56.2% for cases in which it was
not used.

They state definitely that the intraspinous

route of administration is definitely harmful and should
be discarded.
Intraspinal application has been performed with
the idea ·or blocking the absorption of the toxin where
the nerve fibers pass to the cells, of neutralizing the
toxin in the cerebrospinal fluid, and of acting on the
tie between toxin and the nerve elements if such an ac.
tion be possible.

The intraspinal injection is often

difficult to perform, however, because of the opisthotonos;

~ome

reasons:

authors have abandoned its use for several

Transitory aggravation of the clinical pic-

ture has been observed, some frequent symptoms are headache and meningeal reaction due either to the serum itself or to the carbolic acid which it contains.

Other

of serotherapy in his series.

Several cases of serum

sickness but no severe accidents were observed.
The

j r tracerebral

application of the serur.1 has

been used in some cases but hns not found general recognition.

The intracarotid injection of

5 to 10 cc.

of antitoxic serum with the idea of bringing it directly
to the nerve centers has been used but little, as rather
severe accidents have been observed. (44)
Subcutaneous and intramuscular injections are
most widely used, often in combination with other ways;
a large dosage can be administered in that way without
any danger.

Up to 4000 cc. of serum have been used in

the treatment of tetanus.

Although experimental evi-

dence seems to prove that the tie between toxin and
nerve cells cannot be dissolved, clinically the results
of large doses of serum have been estsblished beyond
doubt and perhaps some loosening of these tie.s can be
effected.

There is evidence that the mortality rate of

tetanus has been materially reduced since large doses
of serum are in use.
Thanks to the research pursued during the past

15

years, originating in the discovery of the

teta~ic

anatoxin, new methods of prophyla.xis and treatment of
the tetanic toxi-infection have been evolved, besides

.
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the anti-tetanic vaccination proper.
tant are:

The most impor-

Sero-vaccination, sero-anatoxitherapy and,

thanks to the production of highly concentrated horse
serums by hyperimrnunizations, another development
springing from the research, emergency protection of
non-vaccinated individuals by means of antitoxin solutions.
Sero-vaccination consists in the subcutaneous
injection of 1 cc. of anatoxin immediately before the
antitoxic serum (minimum, 3,000 units), and in two more
injections of anatoxin, of 2 cc. each, after delays of

15

days.

If a subject thus treated is subsequently

wounded another time, a reactivating injection of anatoxin, without antitoxic serum, suffices (injection de
rappel).
It has been proved beJrond doubt that vaccination
with anti toxin in the method of c"oice for preserving
individuals as well as masses from the possible aggression, after a certain limit of time, by the tetanic
taxi-infection.

However, if it comes to protecting a

non-vaccinated individual who has been wounded, preventive serotherapy is necessary as a measure of security.
Unfortunately, the immunity which it bestows is ephemeral.
The antitoxin is eliminated rapidly, all the more rapidly,

if the subject had previously received one or several
injections of serum.

This rapid elimination explains

the so-called tardy or post-seric cases of tetanus.
These cases are surely prevented by sere-vaccination,
I

.

which affords the possibility of conferring, without
interruption, first passive then active immunity.

It

protects the wounded, within the limits of hµman possibility, from the immediate and remote danger of tetanus.

Sacquepee (101), studying the immune condition of

240 wounded, subjected six weeks previously, to serovaccination, found that the blood of 234 of them (97%)
had an antitoxic titer equal or superior to

0~02

units,

in the majority of the cases, one comprised between
0.035 and 0.2 units, which coresponds to a rather high
degree of immunity.

Moreover, a re-activating injection

(injection de rappel) of anatoxin produced the same
effect as in subjects only vaccinated.

Such an injec-

tion. is therefore highly recommended for adults who, on
the occasion of a wound, had been subjected to immunization by sere-vaccination.
Specific

sero~anatoxitherapy

in the case of tetanus

in evolution consists in the injection, as soon as the
diagnosis is made, of a unique massive dose of antitetanic serum (150,000 units) and of 2 cc. of anatoxin;
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antitoxin, as there is a distinct danger of liberating
a fatal dose of toxin.

Injection ·of serum around the

wound has been advocated; should this be done, it should
be given well beyond the granulation tissue surrounding
the wound.
SEDATION.-To control the spasms almost every type of
hypnotic and narcotic drug has been used, including morphine, bromides, amytal, chloral hydrate, luminal and
avertin.

Boyce and McFetridge (24) have used avertin

routinely since 1932, using it in 30 cases.

Fantus (52)

states that in severe cases, with recurring convulsions,
magnesium sulphate should be injected intrathecally
under light chloroform anesthesia.
a

25%

The dose is 1 cc. of

solution to each 10 Kg. of body weight; for child-

ren, 0.15 cc. for each 10 Kg.

The patient should be

kept in the horizontal position with the head slightly
elevated to protect the respiratory center.

Ramon (102)

emphatically states that magnesium sulphate should not
be used as a sedative by any route, saying that its effect
is transient; by the subcutaneous route, it is painful
and necrosing, and by the spinal route, it causes headaches, tachycardia, and even paralyses.
Other hypnotic and narcotic drugs used are;
ldehyde, gardenal, chloral, chloretone,

para-

nembutal, sodium
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amytal, sodium evipan, chloroform, ether by rectum,
and others.

Abel and his associates (1-8) have re-

cently noted that even when the patient was kept for
many hours at a time so deeply under the influence of
these agents that all ordinary reflexes were abolished,
the rigidity of the abdominal muscles, those of the neck
and back, and those essential to respiration did not
relax in the later stages of the disease.

The anesthe-

tized and unconscious individual did not breathe any
more easily and still struggled for air, insufficiently
supplied through the agency of the accessory muscles of
respiration.

Death usually ensues as a consequence of

slow suffocation, "the terminal event apparently being
a dilitation of the heart," in the words of the clinical record.

Thus, attempts have been made to further

conquer the spasms.
Heersema, (65) reports a case of acute tetanus
in which hyperthermia was used in the hope of increasing the neutralizing effect of the antitoxin on the
toxin.

The patient was given four hours of artificial

fever produced by physical means, wiih a systemic temo

(l

perature hanging between 105 and 106 F.

He tolerated

the fever treatment very well after the first hour,
and it had the definite eff"e"ct of relaxing his muscles.
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the patient was also given large doses of tetanus anti toxin and sedatives and eventually recovered.
Hyperthermia must rest for the present on its
merits of symptomatic control of the painful spasms
of tetanus.

Relief from the terrifying spasms, even

at the cost of any doscomfort of the heat therapy was
welcomed by the patient and throughout the entire
course, the patient was able to be more cooperative
on smaller amounts of hypnotics than has usually
been experienced.

In addition to these benefits,

the more cooperative attitude of the patient was
believed largely attributable.to his relative freedom
from fear and panic during the sessions of fever.
The increased metabolic rate is passively achieved,
that is, with minimal demands on the body.
Some rather intriguing ideas may be offered to
the modus operandi, such as mobilization of resistive
forces and rendering the tissues containing the toxin
more permeable, permitting increased toxin-antitoxin
combination and consequent neutralization,

Still

another therapy is that the heat may produce some of
its benefits through other agents.

In this regard,

it is interesting to note that vitamin C (ascorbic
acid) has the power to inactivate tetanus toxin in
vitro.

Fur"tl'iermore, one notes that values of ascorbic
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acid in blood are unusually low with fever resulting
from infection, as well as low in urinary excretion
during this period.

In other words, in an infection

the ascorbic acid demand must be greater and the
destruction greater, either owing to fever, the
infectious agent, or both.
Management of symptoms is still of primary importance in the treatment of tetanus.

The relief

from muscular spasm during the period of elevated
body temperature, the lessened danger of complicating
toxic reaction by reason of smaller sedative requirements, and the cooperative emotional reaction largely
owing to lessened fear and panic--all of these may be
considered as benefits directly related to the
hyperpyrexia.
Recent work by Cole, (40), Mitchell, (90),
Florey, (57), and others, has proved that the historically old and interesting drug, curare, and its
derivatives have a definite place in the control of
spasms in acute cases.

As shown by the experimental

work of Bernard, curare acts upon the myoneural junction, producing complete flaccid paralysis.

The

observations of Abel and his associates (1-8) indicate
that the spasms in acute cases of tetanus are caused
by the toxin f'ixed in the central nervous system.
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Thus, curare produces a definite block between the
source of excitation and the reacting voluntary
muscles.
In experimental work it has been noted that
curare acts first on the nerves of the toes, ear,
and eye, later those supplying the limbs, head and neck,
and, last of all, those supplying the muscles of
respiration.

The heart is not affected by the direct

action of the poison but may fail from asphyxia.

In

the case which Dr. Isacson and I (133) reported, I
noticed, that curare seemed to relax those muscles
first which were in the greatest state of tone.
A general survey of the cases in which curare
has been used might lead one to believe that curare
is of no beneficial effect, as each case thus treated
has ended fatally.

However, to appreciate the effect,

one must consider that all of these cases were in
extremis and that curare was begun only after -other
methods of treatment had failed.

As death in extreme

cases is usually due to respiratory spasm it is
necessary to almost completely curarize the

p~tient.

General dosage depends upon the concentration of
the product used.

The curare used by Dr. Isacson

and myself v1as obtained from Dr. A. R. Mcintyre,
professor of

~harmacology

at the University of Nebraska •
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The bath is sta.rted at a temperature of 97°F. (36:1c.)
0

()

0

0

and increased to from 106 to 108 F. (41.1 to 42.2

c.)

Urine.-Ls the toxins are eliminated by the
kidney the urine should be watched, and fluids forced.
Retention of urine is not uncommon in cases i;,i th
severe trismus.
Bowels.-Constipation is the rule in tetanus
and may become severe.

Treatment should be toward

alleviating this, and giving the patient as much
sleep, rest, and quiet as possible.

PROGNOSIS

The statistics of the mortality in tetanus,
as reported in the literature of the last three years,
has indeed become voluminous.

The French, British,

and German reports show a marked decrease in the
mortality rate, especially durine the last 18 months
of the war.

The last report of the British War Office

shows a mortality of 19 percent.

In 1914, 57 percent

and higher was reported.
A few clinical observations seem to be of the
most valu.e in determining the pro"nosis of this disease.
It is relatively true that the longer the incubation period th& better the prognosis.

Cases which

1.11

have received prophylactic·injections have a more favorable prognosis, as they show a longer incutation
period and a greater tendency toward a locali tetanus.
The proenosis in local tetanus is generally
good.

The location of the muscle-spasms is an aid in

prognosis.

If the spasm is loceted in the peripheral

muscles, even in the presence of opisthotonos and
trismus, the prognosis is better.
Diaphragmatic and laryneeal involvement·give a
bad prognos_is, even if other muscles show no spasams.
The same is true of cases manifesting hydrophobic
symptoms.
High temperature and pulse-rate are unfavorable.
Tetanus following wound sepsis or in the case
of a patient with multiple wounds usually gives an
unfavorable prognosis.
In acute classical tetanus, if the patient survives the first four to six days of the disease, the
chance of recovery is improved.
Lobular pneumonia is a complication which is more
common than is generally thought and is usually fatal.
The development of pathological conditions in
wounds demandine radical surgery, increases the severity of the disease.

The mode of death in tetanus may

be 'tu suf~ocation, exhaustion, toxemia, pneumonia or

112
cardiac dilatation.
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The postmortem findings in tetanus are very
meaeer.

The blood-vessels show an overfilling with

cellular exudate in the perivascular spaces.
The ganglion-cells of the spinal cord may show
chromatolysis.
The Bacillus tetani may be demonstrc:.ted in the
pus from the wound.

The negative findings in the

tissues are of pa thologica.l :importance.

STATISTICAL SUI:'J1:ARY

The statement of Hippocra.tes that: "such persons
as are seized with tetanus die within four days, or
if they pass these they recover" gives some idea of the
attitude of the ancients toward this disease.
In reviewing the statistics of the Great War and
of some of the previous wars occuring before the
discovery of tetanus in 1883 and, subsequently, of the
antitoxin of von Behring, one is struck by the lack
of difference in the prognosis and incidence of tetanus.
It is onlT in 1916-17 that an appreciable lower-

J.14

France and Belgium.
It is vli th more encouragement that we turn to the
prognosis and mortality.
A report by Surgeon-General Sir David Bruce of
the V!ar Office Comrni ttee for the study of tetanus pre-·
sen ts the mortality of a repr.esenta ti ve number of
cases more accurately than it can be described.
In the first year of the war 47 percent of the
cases had a short incubatio

period; in the last

reports this had fallen to 10 percent, and also the
cases with long incubation periods had risen from
6.4 to 69 percent.
Four principles of treatment established by
experience during the war in the treatment of
tetanus are responsible for this encouraging fall in
the death-rate:
(1) Proper dosage of prophylactic serum.
(2) Better surgical treatment of wounds.

(3) Early diagnosis
(4) Lareer therapeutic doses of serum.

DISTRIBUTION

According to Anders and. tiore;an,

tet~.nus

in this

country is most frequept tn the Hudson Valley,·Long
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SUMMARY
I,

Tetanus is an infectious disease, caused by the

Bacillus tetanus.
2.

The bacillus liberates a toxin, which is carried

by the blood stream.

In local tetanus, the toxin

acts upon the myoneural junction, producing spasms of
the muscles affected.

In general tetanus, the toxin

is carried by the blood stream to the central nervous
system, where it. is fixed by the tissues, creating a
general tetanospasm.

3.

Prophylaxis a.gainst tetanus may be' obtained by the

use of antitoxin, or vaccinations with the attenuated
toxin, or anatoxin.
4.

Treatment of tetanus should consist of large

doses of antitoxin, given by whatever method seems
applicable, control of spasms by sedation, hyperpyrexia, or curare, and general supportive measures.

5.

Curare has a definite place in the treatment of

acute cases of geperal tetanus.

CJ.SE REPORT

The patient, a w!iite male ch_ild, age nine years,
entered the hospital in a drowsy, apathetic state.
Physical examination disclosed a general tetanic state-marked trismus and oposthotonus.

A slightly discolored:

puncture wound vras found on the ball of the left foot.
History given by the father revealed that four
days previous to hospital entry, the child stepped on
a sapling stub while playing in a yard located directly below a veterinary serum supply house.

On the

morning of entry, the patient complained of inability
· to open mouth and stiffness of his neck.

This de-

termines the incubation period to be four days, indicating an extremely virulent organism.
During the first two days in the hospital the
patient had repeated attacks of systemic convulsions,
lasting from five to ten minutes.

Tetanus antitoxin

was given intraspinally and intravenously totalling
123,000 units.

Paraldehyde and nembutal were given

per rectum intermiitently in an attempt to control
the convulsions.

During one convulsion the patient

regurgitated) and aspirated gastric contents, becomming very cyanotic and requiring artificial respiration
and oxygen to resttsciate him.

Following this crisis,

t!~is

time, 3 c.c. of the curare .solution was given

Almost

intravenously over a period of ten minutes.

immediate relaxation of the .jaw muscles was noted.
'Ihe patient was placed in the iron lung and the
respiratory mechanism began.

Complete respiratory

paralysis was not present, so an attempt was made to
coordinete the movements of the machine with the
respirations of the patient.
The second injection produced relaxation lasting
one hour and ten minutes.

At the end of this period,

general tetany had again appeared.

Two c.c. of the

curare solution were given intravenously.

In an

attempt to give a maintenance dose which would omit
frequent removal of the patient from the respirator,
a 4 c.c. dose of the curare dolution was injected
intramuscularly.

During the injection, the patient

regurgitated and aspirated gastric contents.
ing stopped.

i~rtificial

Breath-

respirc:; tion was begun and

attempt vms made to aspirate the fluid from the throat
without success.

The patient became extremely

cyanotic and a sanguinous froth appeared at his mouth
and nose.

The pupils suddenly dilated, and would not

react to light.

The pulse was imperceptible.

After

an attempt to inject adrenalin direct to the heart,
the patient was pronounced dead at 8:42 p.m.

Post-

mortem examination of the body
was due

~

edema.

Cull ure of the

in6ic~ted

t11Eit

de<'~h

o terminal c::.spirati'. n pneumonia end pulmonr.ry
~.Pound

revealed Dacilll.ls tetanus.
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